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1 INTRODUCTION

The Municipal Separate Storm Sewer System (MS4) Permit? (Permit) was adopted on November
8, 2012, by the Los Angeles Regional Water Quality Control Board (Regional Board) and became
effective December 28, 2012. The Permit was created for the purpose of protecting the beneficial
uses in the receiving waters in the Los Angeles region by ensuring that MS4s in the County of Los
Angeles are not causing or contributing to exceedances of applicable water quality objectives. To
accomplish this, the Permit allows the permittees to coordinate stormwater planning efforts on a
watershed basis, providing an opportunity for permittees to customize their stormwater programs
through the development and implementation of an Enhanced Watershed Management Program
(EWMP) to achieve compliance with certain Receiving Water Limitations and Water Quality
Based Effluent Limits.

Following the adoption of the Permit, the City of Malibu (Malibu), County of Los Angeles
(County), and Los Angeles County Flood Control District (LACFCD) agreed to collaborate on the
development of an EWMP for the North Santa Monica Bay Coastal Watersheds (NSMBCW,
consisting of Santa Monica Bay Jurisdictional Groups 1 and 4 and the portion of Malibu Creek
within Malibu’s jurisdiction). This group of permittees is referred to as the NSMBCW EWMP
Group (EWMP Group). The EWMP Group submitted a Notice of Intent to the Regional Board on
June 27, 2013, stating their intent to collaborate with one another to achieve compliance with the
Permit. Following initial review by the Regional Board, a revised NOI was submitted by the
EWMP Group on December 17, 2013.

1.1 PERMIT MONITORING AND REPORTING PROGRAM GOALS

Among other requirements established by the Permit, Attachment E of the Permit establishes the
required Monitoring and Reporting Program (MRP). The MRP outlines the various monitoring,
reporting, and recordkeeping requirements for the permittees. The primary objectives of the MRP
are to:

1. Assess the chemical, physical, and biological impacts of discharges from the MS4 on
receiving waters.

2. Assess compliance with Receiving Water Limitations (RWLs) and Water Quality Based
Effluent Limitations (WQBELS) established to implement Total Maximum Daily Load
(TMDL) wet weather and dry weather waste load allocations (WLAS).

! Order No. R4-2012-0175 NPDES Permit No. CAS004001 Waste Discharge Requirements for Municipal Separate
Storm Sewer System (MS4) Discharges within the Coastal Watersheds of Los Angeles County, except those
Discharges Originating from the City of Long Beach MS4.
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3. Characterize pollutant loads in MS4 discharges.
4. ldentify source of pollutants in MS4 discharges.
5. Measure and improve the effectiveness of pollutant controls implemented under the Permit.

To implement the MRP, the permittees of the EWMP Group have elected to coordinate their
monitoring efforts in accordance with the Permit. This Coordinated Integrated Monitoring
Program (CIMP) has been developed to address the required TMDL and other MS4 monitoring
elements set forth in the MRP, including receiving water monitoring, outfall based monitoring,
regional monitoring, and special studies.

1.2 DEFINITIONS
The following definitions apply to this CIMP:

First Significant Rain Event — The first storm event of the storm year with a predicted rainfall of
at least 0.25 inch at a seventy percent probability of rainfall at least 24 hours prior to the predicted
start of rainfall.

Major Outfall — An MS4 outfall pipe with an inside diameter of 36 inches or greater. 2

Storm Year — July 1 through June 30. A storm year, as used in the Permit MRP and this CIMP, is
therefore consistent with the reporting period established in the Permit.

1.3 OvVERVIEW OF NSMBCW EWMP AREA

The EWMP Group’s geographical area includes the MS4 jurisdictional areas for the participating
agencies within Santa Monica Bay (SMB) Jurisdictional Group (JG) 1, SMB JG 4, and the portion
of SMB JG 9 within the City of Malibu’s borders. This area is known as the NSMBCW EWMP
Area and is shown in Figure 1. It does not include land owned by other jurisdictions, including the
State of California and Federal lands.

The NSMBCW EWMP Area encompasses 55,121 acres, including portions of six HUC-12
watersheds, 18 subwatersheds, and 28 freshwater coastal streams as defined by the Los Angeles

2 A major outfall is defined by the Permit as a “MS4 outfall that discharges from a single pipe with an inside diameter
of 36 inches or more or its equivalent (discharge from a single conveyance other than circular pipe that is associated
with a drainage area of more than 50 acres); or for MS4s that receive stormwater from lands zoned for industrial
activity (based on comprehensive zoning plans or the equivalent), an outfall that discharges from a single pipe with
an inside diameter of 12 inches or more or from its equivalent (discharge from other than a circular pipe associated
with a drainage area of 2 acres or more).” Given the lack of industrial zoning within the NSMBCW Area, the definition
of a major outfall is limited here to an outfall of at least 36 inches in diameter (or equivalent size).
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Basin Plan (Regional Board, 1995. Updated 2011). Each coastal stream is directly tributary to
SMB.

The EWMP Area is over 93% vacant land, with minimal EWMP Group-owned storm drains
serving the undeveloped areas. Of the 7% of the watershed that is developed, a majority is not
served by a traditional storm drain system, and relies primarily on sheet flow, culverts, and natural
canyons to transport stormwater. The EWMP Group land use breakdowns by JG and HUC-12
watershed are shown in Table 1-1. Land use is also shown in Figure 2.

Table 1-1. Land Use Distributions Within the EWMP Area

36 | HUC-12 Vacant | Agriculture | Commercial | SFR® | MFR® | Industrial® | Education
Watershed® (%) (%) (%) (%) | (%) (%) (%)
1/4 | Arroyo Sequit 96.5% 0.9% 0.2% 22% | 0.1% 0.0% 0.0%
Zuma Canyon 89.0% 1.9% 0.5% 7.7% 0.5% 0.1% 0.3%
Solstice Canyon 87.7% 0.7% 0.6% 8.8% 0.7% 0.1% 1.4%
g | Cold Creek- 56.0% 1.6% 112% | 249% | 0.7% | 5.7% 0.0%

Malibu Creekd

Santa Monica

1 Beach 91.7% 0.0% 0.8% 7.0% | 0.4% 0.0% 0.0%
1 | Garapito Creek 94.9% 0.6% 0.2% 41% | 0.2% 0.0% 0.1%
Total 93.1% 0.8% 0.4% 50% | 0.3% 0.1% 0.3%

& A HUC-12 watershed is defined by a 12-digit hydrologic unit code (HUC) delineation by the United States
Geological Survey (USGS), which identifies the watershed area based on six levels of classification: regional, sub-
region, hydrologic basin, hydrologic sub-basin, watershed, and subwatershed.

b SFR = Single Family Residential; MFR = Multi-Family Residential

¢ Minor areas within the NSMBCW CIMP Area are zoned for industrial use, although the actual land use is not
associated with manufacturing or similar industrial activities.

4 The land use distribution for this watershed only includes the 619 acres tributary to Malibu Creek within the
NSMBCW CIMP Area.

A portion of the SMB that the NSMBCW EWMP Area is tributary to includes an Area of Special
Biological Significance (ASBS), as designated by the California Ocean Plan (SWRCB, 2012a).
The ASBS stretches along the coast from Laguna Point in Ventura County to Latigo Point in
Malibu and is known as ASBS 24.
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The Basin Plan sets forth water quality regulations which are applicable to the NSMBCW
agencies. These regulations are based on assigned beneficial uses to receiving water bodies.
Beneficial use designations for these water bodies within the NSMBCW include the following:

e Municipal and Domestic Supply (MUN): Uses of water for community, military, or
individual water supply systems including, but not limited to, drinking water supply.

e Ground Water Recharge (GWR): Uses of water for natural or artificial recharge of
ground water for purposes of future extraction, maintenance of water quality, or halting of
saltwater intrusion into freshwater aquifers.

e Navigation (NAV): Uses of water for shipping, travel, or other transportation by private,
military, or commercial vessels.

e Water Contact Recreation (REC-1): Uses of water for recreational activities involving
body contact with water, where ingestion of water is reasonably possible. These include,
but are not limited to, swimming, wading, water-skiing, skin and scuba diving, surfing,
white water activities, fishing, or use of natural hot springs.

e Non-Contact Water Recreation (REC-2): Uses of water for recreational activities
involving proximity to water, but not normally involving body contact with water, where
ingestion of water is reasonably possible. These uses include, but are not limited to,
picnicking, sunbathing, hiking, beachcombing, camping, boating, tidepool and marine life
study, hunting, sightseeing, or aesthetic enjoyment in conjunction with the above activities.

e Warm Freshwater Habitat (WARM): Uses of water that support warm water ecosystems
including, but not limited to, preservation or enhancement of aquatic habitats, vegetation,
fish, or wildlife, including invertebrates.

e Cold Freshwater Habitat (COLD): Uses of water that support cold water ecosystems
including, but not limited to, preservation or enhancement of aquatic habitats, vegetation,
fish, or wildlife, including invertebrates.

e Estuarine Habitat (EST): Uses of water that support estuarine ecosystems including, but
not limited to, preservation or enhancement of estuarine habitats, vegetation, fish, shellfish,
or wildlife (e.g., estuarine mammals, waterfowl, shorebirds).

e Marine Habitat (MAR): Uses of water that support marine ecosystems including, but not
limited to, preservation or enhancement of marine habitats, vegetation such as kelp, fish,
shellfish, or wildlife (e.g., marine mammals, shorebirds).

e Wildlife Habitat (WILD): Uses of water that support terrestrial ecosystems including, but
not limited to, preservation and enhancement of terrestrial habitats, vegetation, wildlife
(e.g., mammals, birds, reptiles, amphibians, invertebrates), or wildlife water and food
sources.

e Rare, Threatened, or Endangered Species (RARE): Uses of water that support habitats
necessary, at least in part, for the survival and successful maintenance of plant or animal
species established under state or federal law as rare, threatened, or endangered.
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e Migration of Aquatic Organisms (MIGR): Uses of water that support habitats necessary
for migration, acclimatization between fresh and salt water, or other temporary activities
by aquatic organisms, such as anadromous fish.

e Spawning, Reproduction, and/or Early Development (SPWN): Uses of water that
support high quality aquatic habitats suitable for reproduction and early development of
fish.

e Wetland Habitat (WET): Uses of water that support wetland ecosystems, including, but
not limited to, preservation or enhancement of wetland habitats, vegetation, fish, shellfish,
or wildlife, and other unique wetland functions which enhance water quality, such as
providing flood and erosion control, stream bank stabilization, and filtration and
purification of naturally occurring contaminants.

Table 1-2 summarizes the beneficial uses for each water body in the NSMBCW EWMP Area, as
designated in the Basin Plan.
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Table 1-2. EWMP Area Water Bodies and Beneficial Uses Designated in the Basin Plan

Water Body é 03: <>E g § é g 5 %: 3 g E § I|.|_J
Ol Z |||z |0 |¥Y|2|2|x|=2|5]|3

Malibu Lagoon E E E E E E E E E E

Malibu Creek p* E E E E E E E E E

Arroyo Sequit p* | E E E E E E E E E

Nicholas Canyon Creek p* | | | E

Los Alisos Canyon Creek p* | | | E E

Lachusa Canyon p* | | | E

Encinal Canyon Creek p* | | | E E

Trancas Canyon Creek E* E E E E

Zuma Canyon Creek E* E E E E E E P

Ramirez Canyon Creek I* | I | E

Escondido Canyon Creek I* | I | E

Latigo Canyon Creek I* | I | E

Puerco Canyon Creek I* | | | E

Solstice Canyon Creek E* E E E E P P

Corral Canyon Creek I* | I | E

Carbon Canyon Creek p* | I | E

Las Flores Canyon Creek p* | I | E

Piedra Gorda Canyon Creek | P* | I | E

Pena Canyon Creek p* | | | E E

Tuna Canyon Creek p* | | | E

Topanga Canyon Creek p* | | E E E P |

E = Existing beneficial use

I = Intermittent beneficial use

P = Potential beneficial use

*Asterisked MUN designations are designated under SB 88-63 and RB 89-03. Some designations may be considered

for exemption at a later date.

@ Water bodies designated as WET may have wetlands habitat associated with only a portion of the water body. Any

regulatory action would require a detailed analysis of the area.

The 2010 303(d)-listed water bodies and associated pollutants within the EWMP Area are

summarized in Table 1-3.
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Table 1-3. 2010 303(d)-Listed Water Bodies in EWMP Area

Santa Monica Bay
Offshore/Nearshore

Water Body Pollutant Class Pollutant Notes
Pathogens Coliform Bacteria Addressed by Bacteria TMDL
Santa Monica Bay Pesticides DDT ,_?,(\jﬂd[r)eised by PCB/DDT
Beaches
. Addressed by PCB/DDT
Other Organics PCBs TMDL
Trash Debris Addressed by Trash TMDL

Pesticides

DDT (tissue & sediment)

Addressed by PCB/DDT
TMDL

Other Organics

PCB:s (tissue & sediment)

Addressed by PCB/DDT
TMDL

Toxicity

Sediment Toxicity

Addressed by PCB/DDT
TMDL

Miscellaneous

Fish Consumption Advisory

Addressed by PCB/DDT
TMDL

Solstice Canyon Creek

Miscellaneous

Invasive species

Not a Stormwater Issue

Topanga Canyon Creek

Metals/Metalloids

Lead

TMDL Does Not Currently
Exist

Malibu Creek

Pathogens Coliform Bacteria Addressed by Bacteria TMDL
Addressed by USEPA Nutrient
Nutrients Nutrients (Algae) TMDL and USEPA Benthic

TMDL

Hydromodification

Fish Barriers (Fish Passage)

Not a Stormwater Issue

Addressed by USEPA Benthic

Sediment Sedimentation/Siltation TMDL

Nuisance Scum/Foam- Unnatural Addressed by Nutrient TMDL

Metals Selenium TMDL Does Not Currently
Exist

Trash Trash Addressed by Trash TMDL

Other Inorganics Sulfates TMDL Does Not Currently

Exist

Miscellaneous

Invasive Species

Not a Stormwater Issue

Benthic-Macroinvertibrate
Bioassessments

Addressed by USEPA Benthic
TMDL

Malibu Lagoon

Coliform Bacteria

Addressed by Bacteria TMDL

Pathogens Swimming Restrictions Addressed by Bacteria TMDL
Viruses (enteric) Addressed by Bacteria TMDL
Nutrients Eutrophic Addressed by Nutrient TMDL

and USEPA Benthic TMDL

Miscellaneous

Benthic Community Effects

Addressed by USEPA Benthic
TMDL

pH

1.4 WATER BODY-POLLUTANT PRIORITIZATION

Based on a detailed water quality characterization carried out as part of the EWMP planning
process, water body-pollutant combinations (WBPCs) for the NSMBCW Area have been
identified and classified into one of three categories, in accordance with Section 1V.C.5(a).ii of the
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Permit. Table 1-4 presents the prioritized water body-pollutant combinations within the NSMBCW
EWMP Area, including applicable compliance deadlines. This categorization has been used to
guide CIMP development. WBPCs categorized below are subject to change based on future data

collected as part of the CIMP or other monitoring programs.

Table 1-4. Water Body Pollutant Prioritization for the NSMBCW EWMP Area
(First and Last Applicable Deadlines Included)

Category | Water Body Pollutant Compliance Deadline
Malibu Creek Nutrients Compliance schedule will be determined in the EWMP, with the
and Lagoon final compliance deadline not exceeding December 28, 2017
SMB Beaches Dry Weather | 7/15/2006 (Final: Single 11/1/2009 (Final: Single sample
Bacteria sample summer AEDs met) winter AEDs met)?
SMB Beaches Wet Weather | 7/15/2009 (Interim: 10% 7/15/2021 (Final: Single sample
Bacteria Single sample ED reduction) | AED and GM targets met)
1 Malibu Creek | Indicator 1/24/2012. (Final: Dry 7/15/2021 (Final: Wet weather
. weather single sample AED .
and Lagoon Bacteria single sample AED targets met)
targets met)
Malibu Creek | Trash 7/7/12013 (20% reduction) 7/7/2017 (100% reduction)
SMB Trash/Debris | 3/20/2016 (20% reduction) 3/20/2020 (100% reduction)
SMB DDTs Compliance schedule may be developed through the EWMP °
SMB PCBs Compliance schedule may be developed through the EWMP °
Topanga
Canyon Creek Lead NA
2 Malibu Creek Sulfat.es & NA
Selenium
Malibu
Lagoon pH NA
3 None

& Compliance date per revised SMB Beaches Bacteria TMDL, effective July 2, 2014. Final winter dry weather
compliance date of November 1, 2009 did not change as a result of the revisions to the TMDL.

1.4.1 CATEGORY 1 — HIGHEST PRIORITY

Water body-pollutant combinations under Category 1 (highest priority) are defined in the Permit
as “water body-pollutant combinations for which water quality-based effluent limitations and/or
receiving water limitations are established in Part VI.E and Attachments L through R of [the
Permit].” These water body-pollutant combinations include:

e SMB beaches for bacteria (wet and dry weather). These are considered Category 1 due to
the SMB Beaches Bacteria TMDL.
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e Malibu Creek and Lagoon for bacteria. These are considered Category 1 due to the Malibu
Creek and Lagoon Indicator Bacteria TMDL.

e Malibu Creek for nutrients. This is considered Category 1 due to the USEPA-established
Nutrients TMDL and Benthic TMDL in the Malibu Creek Watershed.

e SMB Offshore/Nearshore for DDT and PCBs.® These are considered Category 1 due to the
USEPA TMDL for DDT and PCBs for Santa Monica Bay Offshore/Nearshore. However,
the load-based WQBELSs for DDTs and PCBs established by the TMDL were set equivalent
to the estimated existing stormwater loads (i.e., based on data used in the TMDL, no MS4
load reduction is expected to be required). As a result, it is anticipated that no reductions
in DDT and PCB loading from the NSMBCW MS4s are required to meet the TMDL
WQBELSs.

e SMB Offshore/Nearshore for debris. These are considered Category 1 due to the TMDL
for Debris for Santa Monica Bay Offshore/Nearshore. Section VI.E.5.b(i) of the Permit
states, “Pursuant to California Water Code section 13360(a), Permittees may comply with
the trash [debris] effluent limitations using any lawful means. Such compliance options
are broadly classified as full capture, partial capture, institutional controls, or minimum
frequency of assessment and collection... and any combination of these may be employed
to achieve compliance.”

e Malibu Creek for trash. This is considered Category 1 due to the Malibu Creek Trash
TMDL.

These “Highest Priority” water body-pollutant combinations have been assigned based strictly on
the Permit definition. At this time, not all of these pollutants (e.g., DDT and PCBs as exceptions)
have been definitively linked to MS4 sources. As a result, this categorization and subsequent
prioritization within this Category will be reevaluated based on results from the future water
quality monitoring efforts conducted under this CIMP.

1.4.2 CATEGORY 2 — HIGH PRIORITY

Category 2 (high priority) water body-pollutant combinations are defined as “pollutants for which
data indicate water quality impairment in the receiving water according to the State’s Water
Quiality Control Policy for Developing California’s Clean Water Act Section 303(d) List (State
Listing Policy) and for which MS4 discharges may be causing or contributing to the impairment.”
As summarized in Table 1-3, a number of WBPCs within the NSMBCW Area have been listed on
the SWRCB’s 2010 303(d) list. Aside from those WBPCs already listed as Category 1, the
remaining water body-pollutant combination list can be condensed by excluding pollutants which

3 SMB Offshore/Nearshore is 303(d)-listed for fish consumption advisory due to DDT and PCBs. Therefore, the fish
consumption advisory will be assumed to be addressed by the DDT and PCB categorization.
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are not stormwater related* as well as pollutants which are already being addressed (directly or
indirectly) by one of the TMDLs.® Therefore, the condensed list of Category 2 water body-
pollutant combinations includes®:

e Topanga Canyon Creek for lead. This qualifies as a Category 2 WBPC based on the 303(d)
listing for lead.

e Malibu Creek for sulfates and selenium. This qualifies as a Category 2 WBPC based on
the 303(d) listing for sulfates and selenium.

e Malibu Lagoon for pH. This qualifies as a Category 2 WBPC based on the 303(d) listing
for pH.

1.4.3 CATEGORY 3 — MEDIUM PRIORITY

Category 3 (Medium Priority) designations are to be applied to WBPCs which are not 303(d)-
listed but which exceed applicable receiving water limitations contained in the Permit and for
which MS4 discharges may be causing or contributing to the exceedance.

Based on the results of the Topanga State Beach Microbial Source Tracking Study (Topanga MST
Study), conducted by University of California Los Angeles in collaboration with the Resource
Conservation District of the Santa Monica Mountains (RCDSMM) and the Southern California
Coastal Water Research Project Authority (SCCWRPA) as part of the Source Identification
Protocol Project (SIPP), bacteria in Topanga Creek is considered a Category 3 WPCP. For this
study, intensive sampling, long-term monitoring during wet and dry seasons and measurement of
quantitative polymerase chain reaction (QPCR) markers was conducted at 14 locations (5 locations
within the watershed, 9 locations on the beach) to attempt to characterize bacteria levels and

4 These include invasive species in Solstice Canyon and Malibu Creek, as well as fish barriers in Malibu Creek.

5> These include: the fish consumption advisory in SMB, which is being addressed by the PCB and DDT TMDL;
sediment in Malibu Creek, which is being addressed by the Benthic TMDL; scum and foam in Malibu Creek, which
is being addressed by the Nutrients TMDL; benthic-macroinvertebrate bioassessments in Malibu Creek, which is
being addressed by the Benthic TMDL ; swimming restrictions and viruses in Malibu Lagoon, which is being addressed
by the Malibu Lagoon Indicator Bacteria TMDL,; eutrophy in Malibu Lagoon, which is being addressed by the
Nutrients TMDL; and benthic community effects in Malibu Lagoon, which is being addressed by the Benthic TMDL.

6 SMB Offshore/Nearshore is also 303(d)-listed for sediment toxicity. However, the USEPA PCB and DDT TMDL
states the following regarding sediment toxicity: “There is little evidence of sediment toxicity in Santa Monica
Bay...Our evaluation of the data showed only 3 out of 116 samples exhibited toxicity. Following the California listing
policy, Santa Monica Bay is meeting the toxicity objective and there is sufficient evidence to delist sediment toxicity.
We therefore make a finding that there is no significant toxicity in Santa Monica Bay and recommend that Santa
Monica Bay not be identified as impaired by toxicity in the California’s next 303(d) list.” For this reason, sediment
toxicity will be excluded as a Category 2 pollutant, and excluded from the EWMP and RAA.
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potential sources within the Topanga Creek watershed due to poor water quality ratings at Topanga
State Beach. Based on this study, elevated bacteria levels were observed throughout the watershed
in association with human, dog and gull markers. While Topanga Creek is not 303(d) listed for
bacteria, it is designated a Category 3 WBPC due to the findings of this study to recognize that
further study is necessary.

The agencies understand that data collected as part of the CIMP may result in future Category 3
designations in instances when receiving water limits are exceeded and MS4 discharges are
identified as contributing to such exceedances. Under these conditions, the Agencies will adhere
to Section VI.C.2.a.iii of the Permit.

1.5 SUMMARY OF PERMIT MRP REQUIREMENTS

The Permit MRP includes requirements for receiving water monitoring, stormwater outfall-based
monitoring, non-stormwater outfall-based monitoring, and regional/special studies. The general
Permit requirements for each of these types of monitoring are described below, with specific
details including monitoring sites, frequencies, and parameters described in subsequent sections.
Existing monitoring will continue to be conducted and beginning summer of 2014, the dry weather
screening of major outfalls will commence. Implementation of new monitoring programs and
modifications to existing monitoring programs will be implemented beginning 90 days after the
approval of the CIMP.

1.5.1 RECEIVING WATER MONITORING

Receiving water monitoring is required at mass emission stations, TMDL receiving water
compliance points, and additional receiving water locations that are representative of the impacts
from MS4 discharges from the EWMP Group. Because there are no mass emission stations within
or downstream of the EWMP Area, mass emission station monitoring is not part of this CIMP.

The objectives of the receiving water monitoring include the following:

1. Determine whether applicable Receiving Water Limitations are being achieved;

2. Assess trends in pollutants concentrations over time, or during specified conditions; and

3. Determine whether the designated beneficial uses are fully supported as determined by
water chemistry, as well as aquatic toxicity and bioassessment monitoring.

To accomplish these objectives, TMDL compliance monitoring (as specified in approved TMDL
monitoring plans and any amendments thereto) will continue and additional receiving water
monitoring will be conducted downstream of MS4 outfall monitoring locations, where feasible.
Receiving water monitoring will be conducted during both dry and wet weather on an annual basis
to assess the effects of MS4 discharges on receiving water quality.
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1.5.2 TMDL MONITORING

The TMDL monitoring requirements (for TMDLSs in effect) applicable to the EWMP Group as
indicated in the Permit MRP (Section XI1X, TMDL Reporting) are summarized below.

1.5.2.1 Santa Monica Bay Beaches Bacteria TMDL and Malibu Creek and Lagoon Bacteria
TMDL

TMDL compliance monitoring within the EWMP Area is implemented in accordance with the
SMB Beaches TMDLs Coordinated Shoreline Monitoring Plan (CSMP, City of Los Angeles and
County of Los Angeles, 2004) and the Malibu Creek and Lagoon Bacteria TMDL Compliance
Monitoring Plan (CMP, Los Angeles County Department of Public Works, 2008). The Permit
MRP requires monthly data summary reports to be submitted to the Regional Board by the last
day of each month for data collected during the previous month. As currently planned for the
CSMP, the City of Los Angeles and Department of Public Health collect the samples and the
results are reported by the City of Los Angeles. If these reporting procedures must be altered during
the lifespan of the CIMP, the CIMP will be updated accordingly.

Currently 22 CSMP sites are designated within the EWMP Area. One CMP site is located within
the EWMP Area and another site is located immediately north of the Malibu city boundary.

1.5.2.2 Malibu Creek and Lagoon TMDL for Sedimentation and Nutrients to Address Benthic
Community Impairments (USEPA Benthic TMDL)

The Permit requires the permittees to develop a monitoring and reporting plan that demonstrates
compliance with the WQBELs for total nitrogen and total phosphorus. This CIMP includes
provisions for monitoring an outfall and receiving water site in the Malibu Creek watershed for
total nitrogen and phosphorus.

1.5.2.3 Malibu Creek Watershed Trash TMDL

The Basin Plan Amendment (BPA) required the permittees to submit a TMRP, including a plan
for defining the trash baseline WLA and a proposed definition of “major rain event” within 6
months from effective date of TMDL (the TMDL went into effect on July 7, 2009) The BPA states
that if a plan is not approved by the Regional Board Executive Officer within 9 months, the
Executive Officer will establish an appropriate monitoring plan. Per Table E-1 in the MRP, a
TMRP was submitted on April 28, 2010 and was approved May 30, 2014.

Components of the Malibu Creek Watershed Trash TMDL TMRP applicable to this EWMP Group
are hereby incorporated into this CIMP as Appendix G. The Malibu Creek Watershed TMRP
began implementation in November 2014.
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1.5.2.4 Santa Monica Bay Nearshore and Offshore Debris TMDL

The Permit MRP requires the permittees to develop a Trash Monitoring and Reporting Plan
(TMRP) for Regional Board approval, which describes the methodologies that will be used to
assess and monitor trash in their responsible areas within the SMB watershed management area
(WMA) or along SMB. The TMRP shall include a plan to establish a site-specific trash baseline
WQBEL if permittees elect to not use the default baseline effluent limitation. Requirements for
the TMRP shall include, but are not limited to, assessment and quantification of trash collected
from source areas in the SMB WMA, and shoreline of the SMB. The monitoring plan shall provide
details on the frequency, location, and reporting format. Permittees shall propose a metric (e.g.,
weight, volume, pieces of trash) to measure the amount of trash discharged from their jurisdictional
areas.

The Permit states that if the TMRP is submitted by September 20, 2012, then the TMRP shall be
implemented 6 months from receipt of letter of approval from Regional Board Executive Officer,
or the date a plan is established by the Executive Officer; or if a CIMP is submitted, then
monitoring shall commence within 30 days after approval of the CIMP by the Executive Officer.

The County submitted a TMRP to the Regional Board before the TMDL-specified deadline of
September 20, 2012 and subsequently received a letter from the Regional Board dated October 20,
2014 which approved the request for an exemption from preparing a PMRP. The letter also stated
that the TMRP for Malibu Creek submitted by LA County qualifies as meeting requirements for
SMB Debris TMDL. The County’s TMRP includes monitoring of the entire County owned and/or
operated beaches in Santa Monica Bay, and is sufficient to cover the coastal zone of the NSMBCW
EWMP Area. Malibu does not own or operate any remaining beaches out of the County’s purview
within the EWMP Area, nor does it have jurisdiction over Pacific Coast Highway. However,
Malibu is in the process of assessing trash monitoring and implementation needs within its
jurisdiction that may be tributary to the shore and will develop a monitoring and implementation
strategy separately from the CIMP. Regarding the plastic pellet portion of the TMDL, Malibu
submitted a request to the Regional Board on September 19, 2013 to be exempt from the TMDL
requirement to conduct monitoring for plastic pellets because Malibu has no industrial facilities or
activities related to the manufacturing, handling, or transportation of plastic pellets within its
jurisdiction, and has limited commercial and/or industrial transportation corridors related to such
activities. The same is true of the County within the NSMBCW EWMP Area. As a result,
monitoring for plastic pellets within the NSMBCW Watershed will not be conducted by the
NSMBCW EWMP Group.

The County’s Santa Monica Bay Nearshore and Offshore Debris TMDL TMRP is incorporated
into this CIMP as shown in Appendix F. Implementation of the monitoring and inspection
described by this plan will be implemented beginning 90 days after the approval of the CIMP.
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1.5.2.5 Santa Monica Bay TMDL for DDTs and PCBs

The Permit MRP requires the permittees to develop a Monitoring and Reporting Plan for Regional
Board Executive Officer approval that describes the methodologies that will be used to monitor
and assess suspended sediment for DDT and PCBs. The monitoring design and assessment
framework should be designed to provide credible estimates of the total DDT and PCBs mass
loadings to the SMB. Monitoring should be conducted on a coordinated watershed-wide basis
using sufficiently sensitive analytical methods for DDT and PCBs.

The most sensitive EPA-approved analytical methods commercially available in the region will be
used to analyze PCB congeners and DDTs in Malibu Creek, as necessary (e.g., Method 1668).

1.5.3 STORMWATER OUTFALL MONITORING

Stormwater outfall monitoring is required at TMDL compliance points (as specified in approved
TMDL monitoring plans) and additional locations as necessary to characterize the impacts of MS4
discharges from the EWMP Group. There are currently no TMDL compliance points at MS4
outfalls within the EWMP Area.

The objectives of the stormwater outfall monitoring include the following:

a. Determine the quality of a permittee’s discharge relative to municipal action levels, as
described in Attachment G of the Permit;

b. Determine whether a permittee’s discharge is in compliance with applicable stormwater
WQBELSs derived from TMDL WLAs; and

c. Determine whether a permittee’s discharge causes or contributes to an exceedance of
Receiving Water Limitations.

To accomplish these goals, MS4 stormwater outfall monitoring will be conducted at selected major
outfalls that are representative of land uses within the EWMP Area. This monitoring will be linked
with downstream receiving water monitoring, where feasible, and will be conducted during three
wet weather events per year (including the first significant rain event), as weather allows, to assess
the effects of MS4 discharges on receiving water quality.

1.5.4 NON-STORMWATER OUTFALL MONITORING

Non-stormwater outfall monitoring is required at TMDL compliance points (as specified in
approved TMDL monitoring plans) and major outfalls with significant non-stormwater discharges
that remain unaddressed after source identification. There are currently no TMDL compliance
points at MS4 outfalls within the NSMBCW EWMP Area.

The objectives of the non-stormwater outfall monitoring include the following:
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a. Determine whether a permittee’s discharge is in compliance with applicable non-
stormwater WQBELSs derived from TMDL WLAS;

b. Determine whether a permittee’s discharge exceeds non-stormwater action levels, as
described in Attachment G of the Permit;

c. Determine whether a permittee’s discharge causes or contributes to an exceedance of
Receiving Water Limitations; and

d. Assist a permittee in identifying illicit discharges as described in Part VVI.D.10 of the
Permit.

To accomplish these goals, screening of major outfalls will be performed to identify outfalls with
significant non-stormwater discharges. A source investigation will then be carried out at these
identified outfalls. If significant non-stormwater discharges remain unaddressed after the
completion of this source investigation, non-stormwater monitoring will be conducted at these
outfalls twice per year (see Section 4.7), and will be linked with downstream receiving water
monitoring, where feasible.

1.5.5 NEW DEVELOPMENT AND REDEVELOPMENT EFFECTIVENESS TRACKING

The NSMBCW EWMP Agencies have developed mechanisms for tracking new development/
redevelopment projects that have been conditioned for post-construction BMPs pursuant to MS4
Permit Part VI.D.7. Agencies also have developed mechanisms for tracking the effectiveness of
these BMPs pursuant to MS4 Permit Attachment E, Section X.

1.5.6 REGIONAL STUDIES

The MRP requires participation in regional studies, including participation in the Southern
California Monitoring Coalition (SMC) Regional Watershed Monitoring Program (bioassessment)
and special studies as specified in approved TMDLs. The LACFCD will continue to participate in
the Regional Watershed Monitoring Program (Biosassessment Program) being managed by the
SMC. More details are provided in Section 6.

1.5.7 SPECIAL STUDIES

The MRP requires participation special studies as specified in approved TMDLs. Presently, no
special studies are required by the TMDLs applicable to the NSMBCW EWMP Group.

2 EWMP GROUP RECEIVING WATER MONITORING PLAN

Receiving water monitoring will be conducted under the CIMP in order to assess the effects of
MS4 discharges on the receiving water. The Permit MRP requirements include receiving water
monitoring at previously designated mass emission stations, TMDL receiving water compliance
points, and additional Permit receiving water locations representative of the impacts from MS4
discharges, as necessary.
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As stated previously, the NSMBCW EWMP Area is over 93% undeveloped, and the majority of
the developed area is not served by a traditional storm drain system. Many roads do not have curbs
and gutters. The majority of drains owned by the NSMBCW EWMP Agencies are limited to
culverts which simply transport water from one side of a road to the other. Furthermore, discharges
from some of the highest density developed areas are limited due to low flow diversions to existing
stormwater treatment measures. Low flows are currently diverted to the Malibu Legacy Park
Project, Paradise Cove Stormwater Treatment Facility and Marie Canyon Water Quality
Improvement Project. The Malibu Legacy Park Project is located at the City of Malibu Civic
Center within the Malibu Creek watershed (34°02°07 N, 118°41°18 W) and was designed to retain
the 0.75-inch design storm for most of the 306-acre Civic Center drainage areas, as well as dry
weather flows from the other two drains which are tributary to the project. In the average year, at
least one discharge producing event is anticipated. The Paradise Cove Stormwater Treatment
Facility is located at the outlet of Ramirez Canyon (34°01°15 N, 118°47°10 W) and is designed as
a 3-stage system which removes sediment prior to filtration and UV treatment of the creek water:
Stage 1- sediment removal; Stage 2- filtration; and Stage 3- ultraviolet disinfection. The treatment
flow rate for sediment removal is 3600 gpm and the treatment flow rate for UV/filtration is 900
gpm and it treates flows from approximately 2230 acres. The Marie Canyon Water Quality
Improvement Project is located at the outlet of Marie Canyon on a section of Puerco Beach
(34°01°50 N, 118°42°40 W) and is designed to filter and treat up to 100 gpm of dry and wet weather
runoff at the Marie Canyon drain. The Marie Canyon facility uses ultraviolet radiation to destroy
bacteria and pathogens in stormwater and dry weather flows (including natural stream flows/seeps
and runoff from residential neighborhoods) from Marie Canyon Creek and then returns the treated
water to the creek, which then flows to the beach. The project treats flows from approximately 602
acres.

Based on available data, only nine major outfalls owned by NSMBCW agencies exist within the
NSMBCW EWMP Area. These nine major outfalls are concentrated within three HUC-12
watersheds: Zuma Canyon, Solstice Canyon, and Cold Creek-Malibu Creek. Due to the unique
and disconnected nature of the MS4 in the NSMBCW Area, receiving water monitoring will focus
on existing TMDL monitoring and representative receiving water monitoring locations within
freshwater creeks. The nearest mass emission monitoring site to the NSMBCW EWMP Area is
located on Malibu Creek outside of Malibu’s city boundary, and will not be included in this CIMP.

2.1 RECEIVING WATER MONITORING SITES

The Permit does not explicitly state how receiving water monitoring sites should be selected or the
number of required receiving water monitoring sites per EWMP group or permittee. It does specify
that receiving water monitoring must be conducted at locations that provide representative
measurement of the effects of MS4 discharges on the receiving water. The following specifies
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which receiving water monitoring sites have been selected for inclusion in the CIMP and how
these sites were selected.

2.1.1 TMDL COMPLIANCE MONITORING

TMDL compliance monitoring within the NSMBCW EWMP Area takes place in accordance with
the SMB Beaches TMDLs Coordinated Shoreline Monitoring Plan (CSMP, City of Los Angeles
and County of Los Angeles, 2004) and the Malibu Creek and Lagoon Bacteria TMDL Compliance
Monitoring Plan (CMP, Los Angeles County Department of Public Works, 2008).” The monitoring
sites, parameters, and frequencies of these existing TMDL compliance monitoring programs will
continue as part of this CIMP, unless otherwise amended and approved by the Regional Board. In
particular, the monitoring frequencies established in the CSMP will continue under the CIMP
since, in general, water quality along the NSMBCW coastline is relatively good and dry weather
MS4 discharges either rarely occur or have not been observed to reach the SMB. Additional
receiving water monitoring requirements as specified in the Permit MRP (e.g., monitoring at
specified intervals during wet and dry weather, screening for additional parameters, etc.) will not
be conducted at these locations.

Data collected under these TMDL monitoring programs will also be used to determine whether
TMDL Receiving Water Limitations are being achieved and to assess the general trend of
compliance over time (i.e., whether water quality is improving, declining, or staying the same).
The TMDL compliance monitoring locations within the NSMBCW EWMP Area are summarized
in Table 2-1and shown in Figure 2.

" The City of Malibu and County of Los Angeles do not conduct monitoring for these TMDLs, but participate in the
respective TMDL monitoring plans by sharing costs. CSMP monitoring is overseen by the City of Los Angeles’
Environmental Monitoring Division. The Malibu Creek CMP is led by the City of Agoura Hills, with monitoring
conducted by a contract company. All reporting for these monitoring plans will continue to be handled by the lead
agencies until further notice. In the future, collaboration between various agencies may occur to establish a single,
unified monitoring report for the Malibu Creek Watershed and/or the NSMBCW.
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Table 2-1. TMDL Compliance Monitoring Locations within NSMBCW

Station ID | JG Type? Description (including historical site ID, if any)
SMB Beaches Bacterial TMDLs CSMP
SMB 1-1 1 Point Zero | Arroyo Sequit Creek at Leo Carrillo Beach (DHS010)
SMB 4-1 4 Open Beach® | Nicholas Canyon Creek at Nicholas Beach (DHS009)
SMB 1-2 1 Open Beach | El Pescador State Beach
SMB 1-3 1 Open Beach | EI Matador State Beach
SMB 1-4 1 Point Zero | Trancas Creek at Trancas Lagoon (DHS008) and Zuma Beach®
SMB 1-5 1 Point Zero | Zuma Creek at Zuma Lagoon (DHS007) and Zuma Beach
SMB 1-6 1 Point Zero Unnamed gullyat end of Zumirez Drive on Point Dume
SMB 0-1 1 Point Zero? | Walnut Canyon between Paradise Cove and Little Dume Beach
SMB 1-7 1 Point Zero Ramirez Creek at Paradise Cove Beach and Pier (DHS006)
SMB 1-8 1 Point Zero Escondido Creek at Escondido Beach
SMB 1-9 1 Point Zero Latigo Canyon in front of Tivoli Cove Condos (DHS005)
SMB 1-10 1 Point Zero Solstice Canyon Creek at west end of Corral Beach
SMB 1-11 1 Point Zero Corral Canyon Creek at east end of Corral Beach (DHS004)®
SMB 0-2 1 Point Zero® | Puerco Canyon at Puerco Beach
SMB 1-12 1 Point Zero Marie Canyon, gully outlet at Puerco Beach
SMBMC-1 | 9 Open Beach | West end of Surfrider Beach (DHS003)"
SMBMC-2 | 9 Point Zero Malibu Lagoon at most recent breach location (S1)
SMBMC-3 | 9 Open Beach | Malibu Pier (50 yards down coast) at east end of Surfrider Beach (DH002)
SMB 1-13 1 Point Zero Sweetwater Canyon at Carbon Beach
SMB 1-14 1 Point Zero Las Flores Creek at Las Flores Beach
SMB 1-15 1 Open Beach | Piedra Gorda Canyon at Big Rock Beach (DHS001)
SMB 1-16 1 Point Zero Pena Canyon at Las Tunas Beach
SMB 1-17 1 Point Zero | Tuna Canyon at Las Tunas Beach
SMB 1-18 1 Point Zero | Topanga Canyon Creek at Topanga Lagoon and Topanga Beach (S2)
Malibu Creek and Lagoon Bacteria TMDL CMP
MCW-1 ‘ 9 | Lagoon East channel of Malibu Lagoon, ocean-ward of PCH Bridge (LVMWD R-11)

aPoint Zero sites are associated with outfalls and are located within the wave wash no more than 10 meters down
current of the storm drain outlet. Open Beach sites are not associated with freshwater outlets (storm drains or coastal
creeks).

b Previously decribed as a Point Zero sampling site; however, sampling occurs at an open beach.

¢ Name modified to more accurately reflect the location; it was previously referred to as Broad Beach.

d These sites were originally designated as “Observation Sites,” but have been updated to compliance monitoring
locations per the Permit.

¢ Name modified to more accurately reflect the location; it was previously referred to as Puerco Beach.

f Name modified to more accurately reflect the location; it was previously referred to as Malibu Point.
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2.1.2 RECEIVING WATER MONITORING SITES

Additional receiving water monitoring locations have been established as part of this CIMP. These
monitoring locations are termed “receiving water monitoring sites,” since they have been
established to assess MS4 discharge effects on receiving waters within the EWMP Area. The
receiving water monitoring locations were selected in accordance with the following general
approach:

a. Asrequired in the Permit, receiving water monitoring sites were selected to be downstream
of major outfalls to the extent feasible, in order to pair a receiving water monitoring
location and an outfall monitoring location in each HUC-12 watershed.

b. Locations were limited to coastal streams, since the majority of MS4 outfalls owned and
operated by the NSMBCW EWMP agencies discharge to coastal streams (which are
receiving waters of the State that are identified in the Basin Plan) and not Santa Monica
Bay.

c. Locations were focused on coastal streams that receive discharge from a major outfall
owned by an EWMP Group agency. Since the Arroyo Sequit HUC-12 and Santa Monica
Beach HUC-12 are not known to contain a major outfall, no receiving water monitoring
sites were identified in these watersheds.®

d. Locations were selected that receive runoff from tributary land uses that are representative
of land use in EWMP Area. Aside from vacant land use, single family residential is the
largest land use in the EWMP Area, accounting for 5% of total land use. The remaining
land uses in decreasing order are: agriculture (0.8%), commercial (0.4%), multi-family
residential (0.3%), educational (0.3%), and industrial (0.1%).

The selected receiving water sites are summarized in Table 2-2 and shown in Figure 2.

8 The Garapito Creek (Topanga Canyon Creek) HUC-12 also does not have a major outfall owned by the NSMBCW
EWMP Group. However, because Topanga Canyon is 303(d)-listed for lead and there is currently no MS4-led
monitoring occurring on the creek, receiving water monitoring will take place here.
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Table 2-2. EWMP Area Receiving Water Monitoring Locations

Station ID

HUC-12

Receiving
Water

Longitude/
Latitude

Justification of Selection

NSMBCW-
RwW1

Zuma
Canyon

Trancas
Canyon

34.03069 N
118.84167 W

Sampling will be conducted near the downstream end
of Trancas Canyon, approximately 100 yards above
PCH so that tidal influence is minimized. Trancas
Canyon is the only canyon within the Zuma Canyon
HUC-12 which is known to contain a major outfall.
The canyon drains a single family residential area, the
most dominant land use in this HUC-12 aside from
vacant/undeveloped.

NSMBCW-
RwW2

Malibu
Creek

Malibu
Creek

34.03643 N
118.68379 W

Sampling will be conducted in Malibu Creek,
approximately 200 yards upstream of PCH,
immediately downstream of the only NSMBCW
EWMP Agency-owned major outfall in the Malibu
Creek HUC-12. This outfall receives runoff from open
space, single family residential, commercial, industrial,
and agricultural land uses. However, due to diversions
to Malibu Legacy Park and the Civic Center Water
Treatment Facility, this outfall only discharges during
large storm events. Sampling at this receiving water
site will be performed at standard frequencies, 3 times
a year during wet weather and 2 times per year during
dry weather, including one sampling event during the
month of August (per Table 2-3 below).

NSMBCW-
RW3

Garapito
Creek

Topanga
Creek

34.06402 N
118.58710 W

Sampling will be conducted at the site of the County
stream gauging station on Topanga Creek (F54C-R).
Topanga Creek is 303(d)-listed for lead. The watershed
is 95% open space. The remaining land uses are: single
family residential (4%), agriculture (0.6%),
commercial (0.2%), multi-family residential (0.2%),
and educational (0.1%). No major outfalls owned by
the NSMBCW EWMP Group are present in this
watershed. This monitoring location accounts for
approximately 92% of the entire Topanga Creek
subwatershed.

Photos, figures, and site descriptions for each receiving water monitoring site are provided in
Appendix A. Although accessibility was considered when selecting these monitoring sites, it is the
responsibility of the water quality monitoring personnel to take all appropriate measures with
respect to health and safety considerations and private property access conditions.
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2.2 RECEIVING WATER MONITORING FREQUENCY

TMDL compliance monitoring sites will continue to be monitored in accordance with existing
requirements in each respective monitoring plan, or any approved amendments thereto, which
include sampling for fecal indicator bacteria (FIB) daily or weekly depending on the specifications
set forth in each approved monitoring plan. Although there are different RWLs for FIB during wet
and dry weather, there are no TMDL monitoring requirements dictating that a specific amount of
samples must be collected during wet weather. Instead, FIB samples are collected on a regular
basis regardless of weather conditions.

Monitoring at receiving water monitoring sites is dictated by local weather conditions, as both wet
and dry weather monitoring will occur on an annual basis. Wet weather monitoring will be
triggered for mobilization when forecasts predict a 24-hour rainfall depth of at least 0.25 inches at
a 70% probability the day before the start of the storm event.® Storm event predictions will be
taken from the National Oceanic and Atmospheric Administration (NOAA\) at the location of each
County rain gauge located in the NSMBCW EWMP Area.!? Rain forecasts for each rain gauge
below can be found at the provided links:

e Lachusa Patrol (LA454) - Located at 34°04°35” N, 118°52°51” W at an elevation of 1,620
ft above mean sea level (MSL).
http://www.wrh.noaa.qgov/forecast/wxtables/index.php?lat=34.07697648388134&lon=-
118.88151168823242&table=custom&duration=7&interval=6

e Topanga Canyon (LA318) - Located at 34°05°02” N, 118°36°00” W at an elevation of 745
ft MSL.
http://www.wrh.noaa.gov/forecast/wxtables/index.php?lat=34.08394324461533&lon=-
118.60007286071777&table=custom&duration=7&interval=6

e Big Rock Mesa (LA320) - Located at 34°02°22” N, 118°37°07” W at an elevation of 725
ft MSL.
http://www.wrh.noaa.qgov/forecast/wxtables/index.php?lat=34.04455218329944&lon=-
118.62290382385254&table=custom&duration=7&interval=6

% Because a significant storm event is based on predicted rainfall, it is recognized that this monitoring may be triggered
without 0.25 inches of rainfall actually occurring. In this case, the monitoring event will still qualify as meeting this
requirement. Documentation will be provided showing the predicted rainfall depth.

10 Because real-time precipitation data are required to initiate monitoring, only County rain gauges that are accessible
via the County’s “Near Real-Time Precipitation Map” are included.
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The forecast at two of these three locations must meet this specified criterion to initiate monitoring.
If monitoring is initiated and samples are collected, these samples will be considered wet weather
samples regardless of the total depth of rainfall that is recorded for the storm. If mobilization occurs
but no MS4 outfall samples are collected due to a lack of flow, this event will not be considered a
wet weather monitoring event. For reporting and verification purposes, actual rainfall totals will
be taken from the County’s records for each gauge above.

Wet weather monitoring will occur three times per year for the parameters specified herein, with
the exception of aquatic toxicity, which will be monitored twice per year. Wet weather monitoring,
will include targeting the first significant rain event of the storm year®* and will be followed up by
two additional rain events during the same wet weather season. Monitoring for aquatic toxicity
will also target the first significant rain event of the storm year. If precipitation patterns during a
given storm year dictate that these triggers cannot be met, documentation will be provided by
EWMP Group in its annual report.

Wet weather sampling events will be separated by at least three days of dry conditions (less than
0.1 inches of rainfall each day). Receiving water monitoring will begin as soon as possible after
stormwater outfall monitoring in order to be reflective of potential MS4 impacts.

Dry weather monitoring will be conducted twice per year at receiving water monitoring sites for
all specified parameters except toxicity. One of the two dry weather monitoring events will occur
during the driest month in the NSMBCW EWMP Area according to rain gauge and stream flow
records. An analysis of rain gauge and stream flow records was conducted to identify the driest
month in the NSMBCW. For such, average monthly precipication totals were reviewed for
Topanga Canyon Station and Lachusa Patrol Station. As shown in Table 2-3 below, the lowest
average precipitation occurrs in the August/September time frame at both stations.

Table 2-3. Average Monthly Precipitation (in)

Topanga Canyon Lachusa Patrol
Month Station Station

(1990 -2013) (1990 -1997)
January 6.38 6.34
February 6.23 4.97
March 3.09 4.56
April 0.98 0.46
May 0.59 0.47

11 The term “storm year” is included but not defined in the Permit. However, for consistency with the bacteria TMDLs,
the storm year will be taken here to mean July 1 through June 30.
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Topanga Canyon Lachusa Patrol
Month Station Station

(1990 -2013) (1990 -1997)
June 0.12 0.17
July 0.02 0.06
August 0.01 0.03
September 0.01 0.03
October 1.34 0.71
November 0.97 0.86
December 4.17 3.59

In addition, monthly mean flow rates at County stations F130 Malibu Creek below Cold Creek
and F54C Topanga Creek above the mouth of the canyon were reviewed for water years 1997
through 2013. Consistent with the rain gauge records and as shown in Table 2-4 below, the lowest
mean monthly flows are observed in September in Topanga Creek and in both August and
September in Malibu Creek for this period of record.

Table 2-4. Mean Monthly Discharge (cfs)

Location Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | July | Aug | Sept

F54C Topanga Creek

21 | 16 | 65 | 1234 | 27.7 | 136 | 53 | 37 | 29 | 18 | 14 | 09
above mouth of canyon

F130 Malibu Creek below

Cold Creek 64 | 88 | 374 | 968 | 974|659 |321| 156 | 69 | 42 | 30 | 3.0

Both precipitation and flow records for the period reviewed indicate that the least amount of
precipitation and the lowest flows occur during August and September. Based on this information,
it was determined that monitoring to reflect the driest month shall occur during the month of
August to most closely reflect dry weather (least rainfall and stormwater runoff) conditions.

Dry weather toxicity monitoring will occur once per year, during the month of August. A summary
of the receiving water monitoring requirements is provided in Table 2-5
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Table 2-5. Receiving Water Monitoring Requirements

Wet Weather Dry Weather L
- - Monitoring Parameters
Frequency? Requirements Frequency? Requirements

Three times per Sample storm Twice per year Precipitation less than  |e Flow
year events when (all parameters 0.1 inch and not less e Pollutants with TMDLs:
(all parameters forecasts predicta | except aquatic than 3 days after a day o E. coli®
except aquatic 24-hour rainfall toxicity) with 0.1 inch '
toxicity) depth of at least precipitation based on 0 PCB Congeners/ DDT

Once per year, (wet weather only)®

. 0.25 inches at a . 50% of LA County rain . :
Twice per year 70% probability during the month gauges o Total nitrogen, nitrate,
(aquatic toxicity) the day before the of August nitrite, phosphorus®

start of the storm (aquatic toxicity) | One of the sampling e 303(d)-Listed
event events must be during Constituents:

_ the month of August, o Selenium, sulfates, pH¢
Sampling events Wf:llCh is hlsto_rlcally the o Total and dissolved
must be separated driest month in the lead?
by a minimum of NSMBCW Area TSS
three dry days (less *
than 0.1 inch * SSC*
precipitation) ¢ Additional constituents per
Must attempt to Permit MRP Table E-2.f

o Field measurements: pH,
dissolved oxygen,
temperature, specific
conductivity, hardness.?

o Aquatic freshwater chronic
toxicity (see Appendix C,
SOP for details)

2 NSMBCW-RW?2 is located immediately downstream of outfall location NSMBCW-02, which is the only NSMBCW
EWMP Group agency-owned major outfall in the Malibu Creek HUC-12. Due to diversions to Malibu Legacy Park and the
Civic Center Water Treatment Facility, the outfall only discharges during large storm events. As a result, sampling at

NSMBCW-RW?2 will only be performed when discharges from the major outfall are present.

b Since all receiving water monitoring sites are locate within freshwater, and the Basin Plan has been revised to only include
e. coli water quality standards for fecal indicator bacteria (per Regional Board Resolution R10-005), e. coli will be the only
indicator bacteria analyzed at the non-CSMP monitoring sites within the NSMBCW EWMP Area.

¢ At NSMBCW-RW?2 (Malibu Creek) only.

4 At NSMBCW-RWS3 (Topanga Creek) only

¢ At NSMBCW-RW!1 (Trancas Creek) only.

fParameters in Permit MRP Table E-2 are to be monitored during the first significant storm of the year and during the first
year of the monitoring program in August (critical dry month for dry weather receiving water sampling). If any parameter is
not detected above the method detection limit (MDL) or the result is below the lowest applicable water quality objective,
and is not otherwise required due to a TMDL or being on the 303(d) list, the parameter need not be further analyzed for the
remainder of the Permit term. For pollutants that are detected above the lowest applicable water quality objective, additional
monitoring will be conducted for the condition under which the exceedance occurred (wet or dry), at the frequency specified
in the MRP (i.e., the monitoring frequency will become 3 for a wet weather exceedance, 2 for a dry weather exceedance, or
3/2 for exceedances during both event types) beginning the next monitoring year.

sample the first
significant storm
event
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9 Hardness will be analyzed in the lab, as there is currently no EPA-approved field testing method, and it is not economically
or technically feasible to do testing in the field for hardness.

2.3 RECEIVING WATER MONITORING PARAMETERS
Parameters to be monitored at receiving water monitoring sites will include:

e Flow. For Malibu Creek (NSMBCW-RW2) and Topanga Creek (NSMBCW-RW?3), the
established County flow gauges on each creek will be used for flow monitoring (Station
No. F130-R on Malibu Creek and Station No. F54C-R on Topanga Creek). Flow
monitoring methods that will be used for RW1 are described in the Standard Operating
Procedures (SOP) included in Appendix C.

e At TMDL compliance sites, monitoring is limited to FIB per the SMB Beaches TMDLs
CSMP (total coliforma, fecal coliform, and enterococcus) and the Malibu Creek and
Lagoon Bacteria TMDL CMP (e. coli).

e Pollutants for which a receiving water limit exists derived from TMDL WLAs. Aside from
FIB, these include total nitrogen, nitrate, nitrite, and phosphorus at NSMBCW-RW?2 and
PCBs/DDT at NSMBCW-RW1. NSMBCW-RW1 was chosen to monitor PCBs/DDT
because it best reflects MS4 discharges from representative land uses in the CIMP area.

e Pollutants identified on the 303(d) list for the receiving water or downstream receiving
water. Aside from pollutants addressed by TMDLs, these are limited to selenium, sulfates,
and pH at NSMBCW-RW2 (Malibu Creek), and lead at NSMBCW-RW3 (Topanga
Creek).

e Total suspended solids (TSS) and suspended-sediment concentration (SSC) . Although
only required at NSMBCW-RW?2 due to Malibu Creek’s listing on the 303(d) list for
sedimentation and siltation, the Group has agreed to conduct the TSS analysis at each
receiving water monitoring location. SSC will only be analyzed at NSMBCW-RW?2, as
required.

e Field measurements including: pH, dissolved oxygen, temperature, and specific
conductivity. Hardness will be analyzed in the lab, as there is currently no EPA-approved
field testing method, and it is not economically or technically feasible to do testing in the
field for hardness.

e Chronic aquatic toxicity. A toxicity test sample is also immediately subject to toxicity
identification evaluation (TIE) procedures if either the survival or sublethal endpoint
demonstrates a Percent Effect!2 value equal to or greater than 50% of the instream waste
concentration (IWC). See Appendix C for further specifications on conducting a TIE.

12 percent Effect is defined as the effect value—denoted as the difference between the mean control response and the
mean IWC response, divided by the mean control response—multiplied by 100.
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Parameters required to be sampled at each receiving water monitoring site are summarized inTable

2-6.

Additional screening parameters listed in the Permit MRP (Table E-2), as required. These
screening parameters will be monitored in the first year of monitoring during the first
significant rain event of the storm year and during the first year of the monitoring program
in August (critical dry month for dry weather receiving water sampling). If a parameter is
not detected at the Method Detection Limit (MDL) for its respective test method or the
result is below the lowest applicable water quality objective, and is not otherwise
identified above, it need not be further analyzed. If a parameter is detected exceeding the
lowest applicable water quality objective then the parameter will be analyzed for the
remainder of the Permit term during wet weather at the receiving water monitoring station

where it was detected.

Table 2-6. Receiving Water Monitoring Parameters

(Wet/Dry Frequencies Shown in Parentheses)

Parameter NSMBCW-RW1 NSMI_BCW-RWZ NSMBCW-RW3
(Trancas Creek) | (Malibu Creek) | (Topanga Creek)
E. coli 3/2 3/2 3/2
PCBs/DDT 3/0 - -
Nutrients (NO3+NO2, TN, and TP) - 3/2 -
Lead (Total and Dissolved) - - 3/2
Selenium - 3/2 -
Sulfates - 3/2 -
TSS 3/2 3/2 3/2
SSC - 3/2 -
Field Measurements? 3/2 3/2 3/2
Table E-2 Screening Parameters? 1/1 11 11
Aquatic Toxicity® 2/1 2/1 2/1
Flow® 3/2 3/2 3/2

2 Field measurements include pH, dissolved oxygen, temperature, and specific conductivity. Hardness
will be measured in the lab as part of the screening parameter suite, as there is currently no EPA-approved

field testing method for hardness.

b Screening parameters can be found in Permit MRP Table E-2, and are also found in Appendix B.
¢ Toxicity is required to be monitored in the receiving water twice per year during wet weather and once
per year during dry weather in the month of August. Screening for toxicity test parameters will occur

once during the Permit term.

4 Flow monitoring will be conducted manually at NSMBCW-RW1 and NSMBCW-RW2, as weather
and flow conditions allow. If field personnel determine that manual flow monitoring is unsafe, the
nearest USGS or County flow gauge will be used, or an alternative estimate will be made based on field
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observations. Flow monitoring at NSMBCW-RW3 will rely on the County stream gauge located at the
monitoring site.

A detailed summary of the parameters that will be sampled at the receiving water monitoring
locations is provided in Appendix B. Appendix B includes acceptable analytical methods for
laboratory analyses, Permit-specified minimum detection levels, laboratory QA/QC requirements,
holding time requirements and applicable water quality objectives for each parameter.

2.4 RECEIVING WATER MONITORING PROTOCOL

Receiving water quality monitoring will be conducted using manual composite sampling
procedures. Collection of a time-weighted composite sample will entail collecting one aliquot
every 20 minutes during the first three (3) hours of a qualifying storm event, or over the entire
storm if the storm duration is predicted to be less than 3 hours, as feasible (for a total of ten
aliquots). Each aliquot will be of an equal volume. All monitoring protocols, including sample
collection procedures, field measurement procedures, flow monitoring methods, and required
quality assurance/quality control procedures are detailed in the Standard Operating Procedures
(SOP) provided as Appendix C.

Details for toxicity monitoring are provided in Appendix C. When monitoring toxicity, sufficient
sample volume will be collected for performing the specific toxicity test method used as well as a
toxicity identification evaluation (TIE).

Adjustments to this protocol may be made per the Adaptive Management procedures outlined in
Section 8, pending Regional Board approval.

3 STORMWATER OUTFALL MONITORING

Stormwater outfall monitoring will be conducted under the CIMP in order to characterize the
impacts of MS4 discharges for which the NSMBCW EWMP Group is in control of.

Stormwater outfall monitoring is required at TMDL compliance points (as specified in approved
TMDL monitoring plans) and additional locations as necessary to meet the MRP objectives. There
are currently no TMDL compliance points at MS4 outfalls within the EWMP Area, so monitoring
will be focused on major stormwater outfalls selected herein.

3.1 STORMWATER OUTFALL MONITORING SITES

The Permit specifies that stormwater outfall monitoring must be conducted at locations that
provide representative measurement of the effects of MS4 discharges on the receiving water. Due
to the EWMP Area’s unique characteristics, including its lack of an extensive MS4 system, its
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relatively small and diffuse developed area, and its limited variety of urban land uses, the following
methodology was used to select stormwater outfall monitoring sites:

1.

All major outfalls were identified within the EWMP Area by a desktop screening using
GIS and information provided by the EWMP Group agencies. Nine major outfalls were
identified within the entire EWMP Area based on available data.

The nine identified major outfalls were grouped by HUC-12 watershed. In total, the nine
major outfalls were located within only three HUC-12 watersheds.

A detailed desktop screening of each major outfall was conducted to identify tributary
land uses so that outfall monitoring locations could be selected to be representative of the
land uses in the NSMBCW EWMP Area. To the extent practicable, based on the limited
number of outfalls in the EWMP Area, a single outfall from each of the three HUC-12
watersheds was selected based on tributary land use representation.

The identified major outfalls were then field screened to evaluate: a) accessibility and
safety considerations for monitoring personnel and equipment; b) representativeness of
the outfall and linkage with a downstream receiving water monitoring location; c)
verification of attributes identified in the desktop screening step (e.g., outfall size,
location, and tributary land use); and d) feasibility of accurate flow measurement within
the outfall/storm drain. Alternative upstream, in-network monitoring locations, such as
manholes or channels, were considered to facilitate access and to ensure the safety of the
monitoring team.

After following the above steps, it was determined that outfalls in the Zuma Canyon Watershed
and the Solstice Canyon Watershed (i.e., Marie Canyon) were representative of the same land uses
(see Table 1-1). Due to limited accessibility and the presence of a treatment facility downstream
of the potential sampling location, it was determined that no sampling would be conducted in the
Solstice Canyon Watershed. Instead, stormwater outfall monitoring will focus on major outfalls in
the Zuma Canyon Watershed and the Malibu Creek Watershed. These selected stormwater outfall
monitoring sites are summarized in Table 3-1 below and shown in Figure 2.
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Table 3-1. Locations for MS4 Stormwater Outfall Monitoring within NSMBCW

Station ID Justification of Selection

This storm drain outfall drains a single family residential area within the Trancas Creek
NSMBCW-0O1 | Subwatershed with some contributions from nearby Federal lands. The location, shape, and
size of the outfall allows for access for monitoring purposes.

This is the only major outfall owned by the NSMBCW EWMP Group within the Malibu
Creek Watershed. The outfall receives runoff from one of the largest commercial
developments in the entire NSMBCW EWMP Area, in addition to open space, single family
NSMBCW-02 | residential, agriculture, and industrial land uses. As stated previously, this outfall only
discharges during large storm events due to upstream control measures. As a result, the
number of samples collected at this site may be limited by the relative infrequency of
discharge (although, on average, at least one discharge event per year is expected).

The land uses within areas tributary to each outfall within the EWMP area are summarized in Table
3-2 below, and are shown in Figure 2. As the table confirms, the land use percentages within the
tributary areas of the outfalls chosen for monitoring closely represent the land use distributions of
their respective HUCs.

13 The design storm depth of the Legacy Park BMP is known to be between 0.75 and 1.0 inches, depending on
antecedent conditions. An analysis of historical rainfall data at Topanga Canyon Station (1990 — 2013) and Lachusa
Patrol Station (1990 — 1997) shows that a 1-inch storm has occurred at least once for every year on record. Therefore,
it is expected that at least one discharge event will occur per year at this outfall, with the exception of very dry years.
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Table 3-2. Land Use Breakdowns for Areas Tributary to Outfalls within the EWMP Area

HUC-12 O‘:ga" Res C?;"dm/ Edu Ag Open
1 30.20% | 0.00% | 0.00% | 0.00% | 69.80%
2 36.10% | 0.00% | 0.00% | 0.00% | 63.90%
Zuma | 3(01) | 40.30% | 0.00% | 0.00% | 0.00% | 59.70%
Canyon 4 4300% | 000% | 000% | 0.00% | 57.00%
T“(')t’a(l:* 8.2% 0.5% 0.3% 1.9% 89%
5 100.00% | 0.00% | 0.00% | 0.00% | 0.00%
6 3530% | 0.00% | 220% | 0.00% | 62.50%
Solstice 7 3.10% 0.00% 0.00% | 0.00% | 96.90%
Canyon 8 9.50% 7.30% | 16.80% | 0.00% | 66.30%
TF:)LtJaIC* 9.5% 0.7% 1.4% 07% | 87.7%
Maliby | 902 | 1840% | 2510% | 0.00% | 2.90% | 53.70%
Creek HUC 3.2% 0.4% 0.0% 07% | 95.8%
Total*

*These totals include area in addition to that which drains to the outfalls.

Photos, figures, and site descriptions for each MS4 stormwater outfall monitoring site are provided
in Appendix A. Although accessibility was considered when selecting these monitoring sites, it is
the responsibility of the water quality monitoring personnel to take all appropriate measures with
respect to health and safety considerations and private property access conditions.

3.2 STORMWATER OUTFALL MONITORING FREQUENCY

Stormwater discharges at selected outfalls will be monitored three times a year during wet weather.
Monitoring will be initiated during the first 24 hours of the storm event, when feasible. As is the
case with receiving water monitoring during wet weather, stormwater outfall-based monitoring
will target the first significant rain event of the storm year which will be followed up by two
additional wet weather events within the same wet weather season.

Stormwater outfall sampling events will be separated by at least three days of dry conditions (less
than 0.1 inches of rainfall each day). Stormwater outfall monitoring will be coordinated with
receiving water monitoring to the maximum extent practicable, such that downstream receiving
water monitoring begins as soon as possible after stormwater outfall monitoring. In cases where
this is not feasible, appropriate notification will be made for inclusion in the annual report.

A summary of stormwater outfall monitoring requirements is provided in Table 3-3.
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Table 3-3. Stormwater Outfall Monitoring Requirements

Wet Weather
Frequency? Requirements Monitoring Parameters
Sample storm events when ¢ Flow
forecasts predict a 24-hour e Pollutants with TMDLs:
rainfall depth of at least 0.25 o E.coli
inches at a 70% probability the o PCB Congeners/DDT®
day before the start of the storm o Total nitrogen, nitrate, nitrite, phosphorus
event. e  303(d)-Listed Constituents:
Sampling events must be 0 Selenium, sulfates, pH®

3 times per year | senarated by a minimum of 3 dry | o TSS
days (less than 0.1 inch e SSC

precipitation) o ) ]
e Additional constituents per Permit MRP Table E-2.

e Field measurements: pH, dissolved oxygen,
temperature, specific conductivity, hardness.®

e Pollutants identified during TIE at the downstream
receiving water, or aquatic freshwater chronic
toxicity (see Appendix C, SOP for details).

@ Due to diversions to Malibu Legacy Park and the Civic Center Water Treatment Facility, the outfall NSMBCW-02
only discharges during large storm events. As a result, the number of samples collected at NSMBCW-02 will be
limited by the infrequency of the discharge.

® Since all receiving water bacteria monitoring will only include e. coli based on the revision to the Basin Plan (per
Regional Board Resolution R10-005), e. coli will be the only indicator bacteria analyzed at the stormwater outfalls
within the NSMBCW EWMP Area.

¢ At NSMBCW-RW!1 (Trancas Creek) only.

d Additional screening parameters identified in Permit MRP Table E-2 (see Appendix B) are required to be analyzed
if and when monitoring at the nearest downstream receiving water monitoring station triggers such sampling. This
occurs if a parameter in the receiving water is found to exceed the lowest applicable water quality objective.

€ Hardness will be analyzed in the lab, as there is currently no EPA-approved field testing method, and it is not
economically or technically feasible to do testing in the field for hardness.

" Aquatic toxicity monitoring is only required when triggered by downstream receiving water toxicity monitoring from
the previous sampling event where a toxicity identification evaluation (TIE) is carried out and inconclusive. If a TIE
is conducted at the downstream receiving water and results in the identification of pollutants, then those pollutants
must also be monitored at the upstream outfall during the next monitoring event.

Must attempt to sample the first
significant storm event (greater
than 0.25 inch precipitation)

3.3 STORMWATER OUTFALL MONITORING PARAMETERS
Parameters monitored at selected outfalls during stormwater monitoring will include:

e Flow. This will be estimated using automated flow meter equipment. If using a flow meter
is not feasible, estimates will be made for each outfall based on the time required to fill a
container of known volume or the drainage area, impervious cover, and precipitation data
from the nearest LA County rain gauge (refer to the SOP in Appendix C).
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e Pollutants assigned a WQBEL derived from TMDL WLAs. These include FIB at all
outfalls, PCBs/DDT at NSMBCW-01, and total nitrogen, nitrate, nitrite, and phosphorus
at NSMBCW-02.

e Pollutants identified on the 303(d) list for the receiving water or downstream receiving
water. Aside from pollutants addressed by TMDLs, these are limited to selenium, sulfates,
and pH at NSMBCW-02.

e TSS and SSC. Although only required at NSMBCW-02 due to Malibu Creek’s listing on
the 303(d) list for sedimentation/siltation, the Group has agreed to conduct the TSS
analysis at each MS4 outfall monitoring location. The SSC analysis will only occur at
NSMBCW-Q02, as required.

e Field measurements, including: pH, dissolved oxygen, temperature, and specific
conductivity. Hardness will be analyzed by the selected analytical lab, as there is currently
no EPA-approved field testing method and it is not economically or technically feasible
to do testing in the field for hardness.

e Aquatic toxicity monitoring is only required when triggered by downstream receiving
water toxicity monitoring from the previous sampling event where a TIE is carried out and
inconclusive. If a TIE is conducted at the downstream receiving water and results in the
identification of causal pollutants, then those pollutants must also be monitored at the
upstream outfall during the next monitoring event. If the pollutant is present in the
discharge at levels above the applicable receiving water limits, a Toxicity Reduction
Evaluation (TRE) will be performed for that pollutant.

e Additional screening parameters (see Appendix B) will be analyzed if and when an
exceedance of a parameter’s lowest applicable water quality objective is found at the
downstream receiving water monitoring site. Monitoring for these identified parameters
will occur at the next wet weather monitoring event at both the receiving water monitoring
site and stormwater outfall monitoring site. Monitoring for these parameters will continue
until the linked receiving water monitoring result is below the applicable criteria or when
the monitoring data analysis is sufficient to show that the outfall discharge is not
contributing to the receiving water exceedance.

Parameters required to be sampled at each stormwater outfall monitoring site are summarized in
Table 3-4.
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Table 3-4. Stormwater Outfall Monitoring Parameters
(Frequencies Shown in Parentheses)

Parameter NSMBCW-01 NSM BCW-02
(Trancas Creek) | (Malibu Creek)
E. coli 3 3
PCBs/DDT 3 -
Nutrients (NO3+NO2, TN, and TP) - 3
Selenium - 3
Sulfates - 3
TSS 3 3
SSC - 3
Field Measurements? 3 3
Table E-2 Screening Parameters? As Necessary As Necessary
Aquatic Toxicity® As Necessary As Necessary
Flow 3 3

2@ Field measurements include pH, dissolved oxygen, temperature, and specific
conductivity. Hardness will be measured in the lab as part of the screening parameter
suite, as there is currently no EPA-approved field testing method for hardness.

b Screening parameters can be found in Permit MRP Table E-2, and are also found
in Appendix B. Screening parameters are required to be monitored based on
downstream receiving water monitoring results.

¢ Toxicity is required to be monitored based on downstream receiving water
monitoring results.

A detailed summary of the parameters that will be sampled at the stormwater outfall monitoring
locations is provided in Appendix B. Appendix B includes acceptable analytical methods for
laboratory analyses, Permit-specified minimum detection levels, laboratory QA/QC requirements,
holding time requirements, and applicable water quality objectives for each parameter.

3.4 STORMWATER OUTFALL MONITORING PROTOCOL

Monitoring protocols including sample collection procedures, field measurement procedures, and
flow monitoring and estimation methods, are detailed in the SOP provided as Appendix C. Sample
procedures entail the collection of manual composite samples via direct manual sampling or using
a swing sampler device (or similar apparatus) with an intermediate container.

Adjustments to this protocol may be made per the Adaptive Management procedures outlined in
Section 8, pending Regional Board approval.
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4 NON-STORMWATER OUTFALL MONITORING

The Non-Stormwater (NSW) Outfall Screening Program is a multi-step process to identify and
address non-stormwater discharges to the receiving waters. The outfall screening and monitoring
process is intended to meet the following objectives (Part IX.A of the MRP):

1.

Develop criteria or other means to ensure that all outfalls with significant non-
stormwater discharges are identified and assessed during the term of the Permit.

For outfalls determined to have significant non-stormwater flow, determine whether
flows are the result of IC/IDs, authorized or conditionally exempt non-stormwater flows,
natural flows, or from unknown sources.

Refer information related to identified IC/IDs to the IC/ID Elimination Program (Part
V1.D.10 of the Permit) for appropriate action.

Based on existing screening or monitoring data or other institutional knowledge, assess
the impact of non-stormwater discharges (other than identified IC/IDs) on the receiving
water.

Prioritize monitoring of outfalls considering the potential threat to the receiving water
and applicable TMDL compliance schedules.

Conduct monitoring or assess existing monitoring data to determine the impact of non-
stormwater discharges on the receiving water.

Conduct monitoring or other investigations to identify the source of pollutants in non-
stormwater discharges.

Use results of the screening process to evaluate the conditionally exempt non-
stormwater discharges identified in Parts I11.A.2 and I11.A.3 of the Permit and take
appropriate actions pursuant to Part 111.A.4.d of the Permit for those discharges that have
been found to be a source of pollutants. Any future reclassification shall occur per the
conditions in Parts 111.A.2 or I11.A.6 of the Permit.

Maximize the use of resources by integrating the screening and monitoring process into
existing or planned IMP and/or CIMP efforts.

The non-stormwater screening process consists of the steps outlined in Table 4-1.
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Table 4-1. Non-Stormwater Outfall Screening and Monitoring Program Summary

Element

Description

Develop MS4 outfall
database

Develop a database of all major outfalls with descriptive information, linked to GIS.

Outfall screening

A screening process will be implemented to collect data for determining which outfalls
exhibit significant NSW discharges.

Identification of outfalls
with NSW discharge

Based on data collected during the Outfall Screening process, identify outfalls with
NSW discharges.

Inventory of outfalls with
significant NSW
discharge

Develop an inventory of major MS4 outfalls with known significant NSW discharges
and those requiring no further assessment.

Prioritize source
investigation

Use the data collected during the screening process to prioritize significant outfalls for
source investigations.

Identify sources of
significant discharges

For outfalls exhibiting significant NSW discharges, perform source investigations per
the prioritization schedule. If not exempt or unknown, determine abatement process.

Monitor discharges
exceeding criteria

Monitor outfalls that have been determined to convey significant NSW discharges
comprised of either unknown or non-essential conditionally exempt discharges, or
continuing discharges attributed to illicit discharges must be monitored.

Each of these steps is discussed in more detail in the following subsections and a flow chart of the
process is shown in Figure 3.
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Figure 3. Non-Stormwater Outfall Screening Program
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4.1 OUTFALL DATABASE

The non-stormwater outfall screening program requires the development of a MS4 outfall database
by the time that the CIMP is submitted. The objective of the MS4 database is to geographically
link the characteristics of the outfalls within the EWMP Area with watershed characteristics
including: subwatershed, waterbody, land use, and effective impervious area. The database must
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contain the elements described in Table 4-2. The information will be compiled into geographic
information systems (GIS) layers.

Table 4-2. MS4 Database Elements

Database Element Submitted | To Be Developed
Surface water bodies within the Group Member jurisdictions. X

Sub-watershed (HUC-12) boundaries. X

Land use overlay. X

Effective Impervious Area (EIA) overlay (if available). X
Jurisdictional boundaries. X

The location and length of all open channel and underground pipes

18 inches in diameter or greater (with the exception of catch basin X

connector pipes).

The location of all dry weather diversions. X

The location of all major MS4 outfalls within the Permittee’s

jurisdictional boundary. Each major outfall shall be assigned an X

alphanumeric identifier, which must be noted on the map.
Notation of outfalls with significant non-stormwater discharges (to

x2
be updated annually).
Storm drain outfall catchment areas for each major outfall within the X
Permittee(s) jurisdiction.
Each mapped MS4 outfall shall be linked to a database containing
descriptive and monitoring data associated with the outfall. The data
shall include:
Ownership X
Coordinates X
Physical description X
Photographs of the outfall, where possible, to provide baseline NG
information to track operation and maintenance needs over time
Determination of whether the outfall conveys significant non- X2

stormwater discharges.
Stormwater and non-stormwater monitoring data X3
1. All outfalls greater than 36 inches or otherwise considerd “major” have been defined.
The determination of significant will be made using the criteria presented in Section 4.3.

3. This data will be gathered as part of the screening and monitoring program and will be added to the database
as it is gathered.

>

As shown in the table, not all information was available at this time for submittal as part of the
CIMP. Most items currently not available will be collected through implementation of the Non-
Stormwater Outfall Screening Program as noted in the table footnotes. As the data becomes
available, it will be entered into the database. Each year, the storm drains, channels, outfalls, and
associated database will be updated to incorporate the most recent characterization data for outfalls
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with significant non-stormwater discharge. The updates will be included as part of the annual
reporting to the Regional Water Board.

4.2 INITIAL NSW OUTFALL SCREENING PROCESS

The NSW outfall screening program will begin with a field check of all major outfalls as defined
in the permit'* in the database to gather the necessary field information to populate the database.
During the initial field screening, outfalls will be observed during dry weather, at least 72 hours
after a rain event of 0.1 inches or greater. During the initial field screening, the following
information will be gathered.

Date, Time, Weather

Photos of outfall and receiving water using a GPS-enabled camera
Coordinates of outfall

Physical descriptions of outfall, site condition, and accessibility
Discharge characteristics, such as odor and color

Presence of flow greater than trickle or no flow

Receiving water characteristics

Q@ +~o o0 o

During the second and third screening events, all of the information listed above will be gathered.
In addition, visual field estimates of flow will be gathered.

4.3 |IDENTIFICATION OF OUTFALLS WITH SIGNIFICANT NON-STORMWATER
DISCHARGES

The three initial outfall screening events will be used to define the outfalls that require no further
assessment and outfalls with significant non-stormwater discharges. Outfalls will be noted as
requiring “No Further Assessment” in the outfall database if:

a. No flow is observed from the outfall.

b. The source is confirmed to be from NPDES permitted, categorically exempt essential flow
or natural flow, or

c. Flow is categorized as not significant.

The MRP (Part IX.C.1) states that one or more of the following characteristics may determine
significant non-stormwater discharges:

14 Major outfalls defined as 36 or greater (or equivalent with drainage area of more than 50 acres) or 12” or greater
(or equivalent with drainage area of 2 acres or more) that drain areas zoned as industrial.
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e Discharges from major outfalls subject to dry weather TMDLSs.

e Discharges for which monitoring data exceeds non-stormwater action levels (NSWALS).

e Discharges that have caused or may cause overtopping of downstream diversions.

e Discharges exceeding a that which might come out of a garden hose.

e Other characteristics as determined by the EWMP Group and incorporated within the
screening program.

The data collected during the outfall screening process, along with other information about the
outfall catchment area, will be utilized to determine which outfalls observed to be flowing during
the screening process will be categorized as having “significant discharge.” Many factors will be
taken into consideration when determining significant outfall discharges and will include the
following criteria:

e Proximity of the outfall to receiving water bodies where TMDLSs apply.
e Outfall has persistent flows, meaning flow was observed on two or more of the three
screenings at a rate “greater than a garden hose.”*® Flow will be categorized as follows:
0 No Flow/Wet (0 gpm)
o Trickle (<2 gpm)
o Garden Hose (2 — 10 gpm)
0 Greater than Garden Hose (> 10 gpm)
e Characteristics of the catchment area, including but not limited to, presence of permitted
discharges in the area, land use characteristics, and previous IC/ID results.

Outfalls with significant non-stormwater discharge will also be designated in an inventory to be
included in the MS4 outfall database.

4.4 |INVENTORY OF MS4 OUTFALLS WITH SIGNIFICANT NON-STORMWATER
DISCHARGES

An inventory of MS4 outfalls must be developed identifying those outfalls with known significant
non-stormwater discharges and those requiring no further assessment (Part IX.D of the MRP). If
the MS4 outfall requires no further assessment, the inventory must include the rationale for the
determination of no further action required. The inventory will be included in the outfall database.
Each year, the inventory will be updated to incorporate the most recent characterization data for
outfalls with significant non-stormwater discharges.

15 Inaccessible outfalls observed to have persistent flows “greater than a garden hose” at the nearest downstream
receiving water or nearest upstream manhole will also be considered significant.
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The following physical attributes of outfalls with significant non-stormwater discharges must be
included in the inventory. These characteristics will be collected as part of the screening process
described in Section 4.2:

oo o

- SQ o

N ¢

Date and time of last visual observation or inspection

Outfall alpha-numeric identifier

Description of outfall structure including size (e.g., diameter and shape)

Description of receiving water at the point of discharge (e.g., natural, soft-bottom with
armored sides, trapezoidal, concrete channel)

Latitude/longitude coordinates

Nearest street address

Parking, access, and safety considerations

Photographs of outfall condition

Photographs of significant NSW discharge or indicators of discharge unless safety
considerations preclude obtaining photographs

Estimation of discharge rate

All diversions either upstream or downstream of the outfall

Observations regarding discharge characteristics such as odor, color, presence of debris,
floatables, or characteristics that could aid in pollutant source identification.

4.5 PRIORITIZED SOURCE IDENTIFICATION

Once the major outfalls exhibiting significant non-stormwater discharges have been identified
through the screening process and incorporated in the inventory, Part IX.E of the MRP requires
that the SCRWMG prioritize the outfalls for further source investigations. The MRP identifies the
following prioritization criteria for outfalls with significant non-stormwater discharges:

Outfalls discharging directly to receiving waters with WQBELSs or receiving water
limitations in the TMDL provisions for which final compliance deadlines have passed.
All major outfalls and other outfalls that discharge to a receiving water subject to a TMDL
shall be prioritized according to TMDL compliance schedules.

Outfalls for which monitoring data exist and indicate recurring exceedances of one or more
of the Action Levels identified in Attachment G of the Permit.

All other major outfalls identified to have significant non-stormwater discharges.

In addition to the permit requirements, the following criteria will be considered when developing
the prioritization schedule:

Rate of discharge based on visual flow observations
Size of outfall
Odor, color and clarity of discharge
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e Results of the field measurements of pH, temperature, DO, and EC
e Presence of flow in the receiving water

Once the prioritization is complete, a source identification schedule will be developed. The
scheduling will focus on the outfalls with the highest priorities first. Unless the results of the field
screening justify a modification to the schedule in the MRP, the schedule will ensure that source
investigations are completed on no less than 25% of the outfalls with significant non-stormwater
discharges by December 28, 2015 and 100% by December 28, 2017.

4.6 SIGNIFICANT NON-STORMWATER DISCHARGE SOURCE IDENTIFICATION

The screening and source identification component of the program is used to identify the source(s)
and point(s) of origin of the non-stormwater discharge. Based on the prioritized list of major
outfalls with significant non-stormwater discharges, investigations will be conducted to identify
the source(s) or potential source(s) of non-stormwater flows.

Part IX.A.2 of the MRP requires Permittees to classify the source investigation results into one of
four endpoints outlined as follows and summarized in Table 4-3:

A. lllicit connections or illicit discharges (IC/IDs): If the source is determined to be an illicit
discharge, the Permittee must implement procedures to eliminate the discharge consistent
with IC/ID requirements (Permit Part \V1.D.10) and document actions.

B. Authorized or conditionally exempt NSW discharges: If the source is determined to be an
NPDES permitted discharge, a discharge subject to Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), or a conditionally exempt
essential discharge, the Group Member must document the source. For non-essential
conditionally exempt discharges, the Group Member must conduct monitoring consistent
with Part IX.G of the MRP to determine whether the discharge should remain conditionally
exempt or be prohibited.

C. Natural flows: If the source is determined to be natural flows, the Permittee must document
the source.

D. Unknown sources: If the source is unknown, the Permittee must conduct monitoring
consistent with Part IX.G of the MRP.
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Table 4-3. Summary of Endpoints for Source Identification

Endpoint Follow-up Action Required by Permit
. Implement control measures and report in
A III|C|t_D|scharge or Refer to IC/ID program annual report. Monitor if cannot be
Connection .
eliminated.
B. Authorized or Conditionally | Document and identify if Monitor non-essential discharges *
Exempt Discharges'-? essential or non-essential
C. Natural Flows End investigation Document and report in annual report
D. Unknown Refer to IC/ID program Monitor

1. Discharges authorized by a separate NPDES permit, a discharge subject to a Record of Decision approved by
USEPA pursuant to section 121 of CERCLA, or is a conditionally exempt NSW discharge addressed by other
requirements. Conditionally exempt NSW discharges addressed by other requirements are described in detail in
Part I11.A. Prohibitions — Non-Stormwater Discharges of the Permit.

2. Per Section I11.A.4 of the permit, if the Permittee determines that an authorized or conditionally exempt essential
non-storm water discharge is a source of pollutants that causes or contributes to an exceedance of applicable
RWL and/or water quality-based effluent limitations, the Regional Water Board will be notified within 30 days.

3. If monitoring data demonstrates that conditionally exempt non-storm water discharges are a source of pollutants
that causes or contributes to an exceedance of applicable RWL and/or water quality-based effluent limitations,
the findings will be reported to the RWQCB in the annual report. Additionally, per Section I11.A.4 of the permit,
the Permittee will either effectively prohibit the NSW discharge; impose conditions in addition to those in Table
8 of the permit, subject to approval by the EO, such that the NSW discharge will not be a source of pollutants;
require diversion of the NSW discharge to the sanitary sewer; or require treatment of the NSW discharge prior
to discharge to the receiving water.

Source investigations will be conducted using site-specific procedures based on the characteristics
of the NSW discharge. Investigations could include:

e |dentifying permitted discharges within the catchment area.

e Identifying if the flow is from a channelized stream or creek.

e Following dry weather flows from the location where they are first observed in an upstream
direction along the conveyance system.

e Compiling and reviewing available resources including past monitoring and investigation
data, land use/MS4 maps, aerial photography, and property ownership information.

e Gathering field measurements to characterize the discharge.

Based on the results of the source assessment, outfalls may be reclassified as requiring no further
assessment and the inventory will be updated to reflect the information and justification for the
reclassification.

Where investigations determine the non-stormwater source to be authorized, natural, or essential
conditionally exempt flows, the EWMP Group will conclude the investigation, categorize the
outfall as requiring no further assessment in the inventory, and move to the next highest priority
outfall for investigation. Where investigations determine that the source of the discharge is non-
essential conditionally exempt, an illicit discharge, or is unknown — further investigation may be
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conducted to eliminate the discharge or demonstrate that it is not causing or contributing to
receiving water problems. In some cases, source investigations may ultimately lead to prioritized
programmatic or structural BMPs. Where Permittees determine that they will address the non-
stormwater discharge through modifications to programs or by structural BMP implementation,
the EWMP Group will incorporate the approach into the implementation schedule developed for
the EWMP Group and the outfall can be lowered in priority for investigation, such that the next
highest priority outfall can be addressed.

4.7 NON-STORMWATER DISCHARGE MONITORING

As outlined in the Permit MRP, outfalls with significant NSW discharges that remain unaddressed
after source investigation will be monitored for water quality to meet the following objectives:

a. Determine whether a discharge is in compliance with applicable NSW WQBELSs derived
from TMDL WLA:s;

b. Determine if the quality of a discharge exceeds applicable NSWALSs, as described in
Attachment G of the Permit; and

c. Determine whether a discharge causes or contributes to an exceedance of applicable RWLs.

As identified in Table 4-3, outfalls that have been determined to convey significant NSW
discharges where the source investigations concluded that the source is attributable to a continued
illicit discharge (Endpoint A), non-essential conditionally exempt (Endpoint B), or unknown
(Endpoint D) must be monitored for water quality.

4.7.1 NON-STORMWATER OUTFALL-BASED MONITORING SITES

The NSW outfall monitoring sites will be determined after source investigation of significant NSW
discharges is concluded.

4.7.2 MONITORED PARAMETERS, FREQUENCY, AND DURATION OF MONITORING

The requirements for constituents to be monitored are outlined in the Part V111.G.1.a-e of the MRP.
Outfalls will be monitored for all required constituents except toxicity. Toxicity monitoring is only
required when triggered by recent receiving water toxicity monitoring where a TIE on the observed
receiving water toxicity test was inconclusive. Additionally, constituents identified through TIEs
will be monitored during the subsequent monitoring event at outfalls immediately upstream of
where the TIE was conducted. An overview of the constituents required to be monitored in the
MRP at each NSW outfall monitoring site is listed in Table 4-4.
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Table 4-4. Summary of Non-Stormwater Outfall Monitoring Parameters

Classification Identified in Permit Preliminary List of Parameter(s)
General Flow, hardness, pH, DO, temperature, and TSS
Pollutants assigned TMDL WLAS Dependent on receiving water TMDLS
Pollutants identified for 303(d)-Listed receiving waters | Dependent on receiving water 303(d) listing
Toxicity To be determined
Parameters in Table E-2 of the MRP if they are
identified as exceeding applicable water quality To be determined

objectives in the receiving water during dry weather

The MRP specifies the following monitoring frequency for NSW outfall monitoring as:

e For outfalls subject to a dry weather TMDL, the monitoring frequency shall be per the
approved TMDL monitoring plan or as otherwise specified in the TMDL or as specified in
an approved CIMP.

e For outfalls not subject to dry weather TMDLs, approximately quarterly for first year.

e Monitoring can be eliminated or reduced to twice per year, beginning in the second year of
monitoring, if pollutant concentrations measured during the first year do not exceed
WQBELs, NSWALSs, or water quality standards for pollutants identified on the 303(d) List.

While a monitoring frequency of four times per year is specified in the Permit, it is inconsistent
with the dry weather receiving water monitoring requirements. The receiving water monitoring
requires two dry weather monitoring events per year. As a result, the NSMBCW EWMP Group
will conduct required NSW outfall monitoring twice per year. The NSW outfall monitoring events
will be coordinated with the dry weather receiving water monitoring events to allow for an
evaluation of whether the NSW discharges are causing or contributing to an observed exceedance
of water quality objectives in the receiving water.

4.7.3 ADAPTIVE MONITORING

Monitoring for NSW discharges will be more dynamic than either the receiving water or
stormwater outfall monitoring. If NSW discharges are addressed or if one full year of monitoring
demonstrates that discharges do not exceed any WQBELs, NSWALSs, or water quality standards
for pollutants identified on the 303(d) list, the Group will submit a written request to the Executive
Officer (EO) of the Regional Water Board to cease monitoring of specified pollutants based on an
evaluation of monitoring data. . Thus, the number and location of outfalls monitored has the
potential to change on an annual basis.
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5 TMDL SPECIAL STUDIES

Presently, no special studies are required by the NSMBCW-applicable TMDLs or their monitoring
plans. The EWMP Group will consider what, if any, special studies may be designed and
implemented as more data become available about the receiving waters, land use runoff
characterizations, and MS4 potential impacts. Results from the EWMP reasonable assurance
analysis may also provide insight into special studies that are of interest to the NSMBCW EWMP
Group.

While not an Agency-led TMDL special study, the EWMP Group has been involved with various
fecal indicator bacteria source-related studies under the Southern California Bight monitoring
program, i.e., the Bight ‘13 ASBS study and Bight ‘13 Shoreline Microbiology studies.

6 REGIONAL MONITORING

The LACFCD will continue to participate in the Regional Watershed Monitoring Program
(Biosassessment Program) being managed by the Southern California Stormwater Monitoring
Coalition (SMC). The LACFCD will contribute necessary resources to implement the bioassement
monitoring requrement of the MS4 permit on behalf of all permitees in Los Angeles County during
the current permit cycle. Initiated in 2008, the SMC’s Regional Bioassement Program is designed
to run over a five-year cycle. Monitoring under the first cycle concluded in 2013, with reporting
of findings and additional special studies planned to occur in 2014. SMC, including LACFCD, is
currently working on designing the bioassessment monitoring program for the next five-year cycle,
which is scheduled to run from 2015 to 2019

7/ DATA MANAGEMENT AND REPORTING REQUIREMENTS

7.1 MONITORING RECORDS

In accordance with the Permit requirements, the EWMP Group will retain records of all monitoring
information, including all calibration and maintenance records, copies of all reports required by
the Permit for a period of at least three (3) years from the date of the sample, measurement, or
report. Records of monitoring information will include:

1. The date, time of sampling or measurements, exact place, weather conditions, and rain
fall amount.

2. The individual(s) who performed the sampling or measurements.

3. The date(s) analyses were performed.

4. The individual(s) who performed the analyses.
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5. The analytical techniques or methods used.
6. The results of such analyses.

7. The data sheets showing toxicity test results.

Refer to Appendix C (SOP) for more information about how these data should be documented.
7.2 ELECTRONIC DATA MANAGEMENT AND SUBMITTAL REQUIREMENTS

The Permit requires that all stormwater quality monitoring data be reported semi-annually to the
Regional Water Board’s Storm Water website in an electronic format. The electronic format will
be the most recent Standardized Data Transfer Format as prescribed by the Southern California
Municipal Storm Water Monitoring Coalition (SMC),® which uses the California Environmental
Data Exchange Network (CEDEN).Y” Monitoring data will be submitted using the required
templates®®. Analytical chemistry and toxicity data collected by the EWMP Group will be
requested from the laboratories in the CEDEN electronic data deliverable (EDD) format.
Additionally, field measurement data (i.e., pH, temperature, dissolved oxygen, and conductivity),
will be input into the CEDEN field data template. Examples of the chemistry, toxicity and field
data CEDEN templates are included in Appendix D. The EWMP Group will submit the data
spreadsheets electronically to the Regional Board at losangeles@waterboards.ca.gov.

7.3 STORMWATER CONTROL MEASURES

The EWMP Group will make all reasonable efforts to determine, compile, analyze, and summarize
the following information in the Annual Report:

1. Estimated cumulative change in percent effective impervious area (EIA) since December
28, 2012 and, if possible, the estimated change in the stormwater runoff volume during the
85" percentile storm event.

2. Summary of new development/redevelopment projects constructed within each NSMBCW
Agency’s jurisdictional area during the reporting year.

16 The Southern California Municipal Storm Water Monitoring Coalition (SMC) was formed in 2001 by cooperative
agreement of the Phase | municipal stormwater NPDES lead permittees, the NPDES regulatory agencies in southern
California and the Southern California Coastal Water Research Project. The SMC develops and funds cooperative
projects to improve our knowledge of stormwater quality management (http://www.socalsmc.org/default.aspx).

7 CEDEN is the State Water Board's data system for surface water bodies in California
(http://www.ceden.org/site_map.shtml).

18 The CEDEN template is currently provided in Microsoft Excel format.
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Summary of retrofit projects that reduced or disconnected impervious area from the MS4
during the reporting year.

Summary of other projects designed to intercept stormwater runoff prior to discharge to
the MS4 during the reporting year.

For the projects summarized above in #2 through #4, estimate the total runoff volume
retained onsite by the implemented projects.

Summary of actions taken in compliance with TMDL implementation plans or approved
Watershed Management Programs to implement TMDL provisions applicable to the
NSMBCW EWMP Group.

Summary of riparian buffer/wetland restoration projects completed during the reporting
year. For riparian buffers include width, length and vegetation type; for wetland include
acres restored, enhanced, or created.

Summary of other Minimum Control Measures implemented during the reporting year, as
the appropriate Agency deems relevant.

Status of all multi-year efforts that were not completed in the current year and will therefore
continue into the subsequent year(s). Additionally, if any of the requested information
cannot be obtained, the appropriate Agency will provide a discussion of the factor(s)
limiting its acquisition and steps that will be taken to improve future data collection efforts.

Based on this information and other available data, an effectiveness assessment of stormwater
control measures will also be included in the Annual Report, and will include, where feasible, the
information presented in Section XVI1II.A.2 of the Permit MRP.

7.4 NON-STORMWATER CONTROL MEASURES

The EWMP Group will report on the non-stormwater outfall monitoring program in the Annual
Report. In accordance with the Permit, the EWMP Group will:

1.

Estimate the number of major outfalls within the Permittee’s jurisdiction in the
subwatershed (the current number of known major outfalls is 9).

Provide the number of outfalls that were screened for significant non-stormwater
discharges during the reporting year.

Provide the cumulative number of outfalls that have been screened for significant non-
stormwater discharges since the date the Permit was adopted through the reporting year.

Provide the number of outfalls with confirmed significant non-storm water discharge.
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5. Provide the number of outfalls where significant non-storm water discharge was attributed
to other NPDES permitted discharges; other authorized non-storm water discharges; or
conditionally exempt discharges.

6. Provide the number of outfalls where significant non-stormwater discharges were abated
as a result of the EWMP Group’s actions.

7. Provide the number of outfalls where non-stormwater discharges were monitored.

8. If any of the above information cannot be obtained, the EWMP Group will provide a
discussion of the factor(s) limiting its acquisition and steps that will be taken to improve
future data collection efforts.

7.5 INTEGRATED MONITORING COMPLIANCE REPORT

The EWMP Group will submit an Annual Report to the Regional Board Executive Officer in
electronic format by December 15th of each year beginning in 2016. Each Annual Report will
include the monitoring period of July 1 through June 30. When monitoring cannot be performed
to comply with the Permit requirements due to circumstances beyond the EWMP Group’s control,
the following will be submitted to the Regional Board Executive Officer within two working days,
when feasible:

1. Statement of situation.
2. Explanation of circumstance(s) with documentation.
3. Statement of corrective action for the future.

As part of the Annual Report, the EWMP Group will submit an Integrated Monitoring Compliance
Report. The Integrated Monitoring Compliance Report (IMCR) will be submitted using templates
developed by the Regional Board. The IMCR will include a summary of exceedances of both non-
stormwater actions levels in non-stormwater samples from outfalls, and municipal action levels
(MAL) in stormwater samples from outfalls. Semi-annually, monitoring results from monitoring
conducted under this CIMP will be sent electronically to the Regional Board in the CEDEN
format.® These results will include the exceedances of applicable WQBELs, RWLS, action levels,
and/or aquatic toxicity thresholds for all test results, with corresponding sampling dates for each
monitored station. The mid-year report will cover monitoring from July 1 — December 31, and

19 Currently, losangeles@waterboards.ca.gov is the preferred email address to which monitoring data will be sent
accompanied by a descriptive subject line such as, "LA County MS4 Permit - North SMB 2013-14 Annual Monitoring
Data.".
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submitted by June 15. The year-end report will cover monitoring periods January 1 — June 30, and
be submitted by December 15. The first report will be submitted in 2016.

8 ADAPTIVE MANAGEMENT

The adaptive management process will be utilized on an annual basis to evaluate the CIMP and
update the monitoring requirements as necessary. Several monitoring elements are dynamic and
may require modifications to the monitoring sites, schedule, frequency or parameters. In particular,
the non-stormwater screening program and the toxicity monitoring will likely generate changes
that need to be incorporated. The CIMP will be evaluated on an annual basis and updated
accordingly based on the monitoring data analysis or other monitoring developments. These may
include:

e Receiving water or outfall monitoring locations may be revised due to logistical/access/
safety issues and/or inability to obtain representative samples.

e Non-stormwater outfall sampling and analysis will be added to the monitoring program if
through the screening process major outfalls with significant non-stormwater discharges
are identified and the discharge source is unknown, determined to be conditionally exempt
but non-essential, or determined to result from continuing illicit discharges.

e Toxicity Identification Evaluations (TIEsS) result in the identification of additional
constituents that need to be monitored.

e Modifications to sampling and/or analysis protocols could occur resulting from knowledge
gained through implementing the CIMP and/or information learned from other monitoring
programs or studies.

e Monitoring procedures could be modified in the future to include use of automated flow
measurement and sampling equipment in lieu of manual composite sampling and flow
measurement methods for receiving waters, and flow estimation methods for outfalls
included in this CIMP.

e Analytical methods could be revised for consistency with EPA method requirements or to
achieve lower detection and practical quantitation limits.

e One of the primary objectives of the CIMP is to identify water quality priorities in the
EWMP Area which would then be the focus of BMP implementation, as discussed in the
EWMP Work Plan. If the CIMP monitoring data identify additional constituents as being
associated with MS4 discharges and demonstrate that additional water body-pollutant
combination (WBPCs) should be identified as Category 2 (High Priority) or Category 3
(Medium Priority), the EWMP Work Plan will be updated accordingly to include these
WBPCs. Conversely, if the monitoring data indicate that certain current Category 2 or 3
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designations are not linked to MS4 discharges, these designations will be removed and
further action for the particular WBPC under the CIMP and EWMP will cease.

Modifications that are made to any existing TMDL monitoring plan (such as updates to sampling
locations) that are Regional Board approved will also apply to this CIMP through their
incorporation. Major modifications to the CIMP (such as adding, deleting, or moving a monitoring
site location or altering the constituents monitored) will be proposed in the Annual Report and in
a separate letter to the Regional Board requesting Executive Officer approval. Minor modifications
(such as substituting alternative composite sample collection procedures or equipment) will also
be documented in the Annual Report but do not require a separate letter or Executive Officer
approval.
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Approximate Location

Parameters to Sample For

“ Per TMDL for Bacteria in the Malibu Creek Watershed and the Update of the Bacteria Objectives for Freshwaters Designated for Water Contact Recreation, Resolution R10-005
“ Per the Malibu Creek Watershed Nutrients TMDL and the Malibu Creek and Algoon TMDL for Sedimentation and Nutrients to Address Benthic Community Impairments

“ Topanga Canyon Creek I1s 303(d)-listed for total lead. We recommend testing for dissolved lead and hardness (measured as part of the "tield parameters™) so that a site-specific conversion factor can be calculated for conformance with the California Toxics Rule
“ Malibu Creek Is 303(d)-hsted tor selenium and sultates

" Where teasible, flow will be measured at the nearest County-operated flow gauges on the respective creeks
¥ Malibu Creek 1s 303(d)-listed for sedimentation/siltation

" Field measurements include pH, dissolved oxygen, temperature, and specific conductivity. Hardness will be measured In the lab as part of the Screening Parameter suite, as there Is currently no EPA-approved field testing method for hardness
' Screening parameters are listed in Attachment B (Table E-2 of the Permit MRP)
' As detailed In the Permit MRP

A-2

Station ID JG Type Description (including historical site ID, if any) . . Bacteria Bacteria Nutrients Lead Field Screenin Aquatic
Latitude | Longitude (TC, FC, Entero)?] (E. coli )b PCBS/DDT (NO3+ NO2, TN, TP)°|(TP and DP)d Selenium® | Sulfates”| Flow'| TSS | $5C° Measurements” Paramete?si Toqxicityj
SMB 1-1 1 Point Zero  JArroyo Sequit Creek at Leo Carrillo Beach (DHS010) 34.04558 | -118.93336 X
SMB 1-2 1 Open Beach |EI Pescador State Beach 34.03856 | -118.88829 X
SMB 1-3 1 Open Beach |JEI Matador State Beach 34.03773 | -118.87464 X
SMB 1-4 1 Point Zero | Trancas Creek at Broad Beach (DHS008) 34.02899 | -118.84250 X
SMB 1-5 1 Point Zero  JZuma Creek at Zuma Beach (DHS007) 34.01397 | -118.82189 X
a SMB 1-6 1 Point Zero  |"Walnut Creek" in Paradise Cove 34.01375 | -118.79100 X
% SMB 1-7 1 Point Zero JRamirez Canyon at Paradise Cove Pier (DHS006) 34.02032 | -118.78600 X
8 SMB 1-8 1 Point Zero  JEscondido Creek, just east of Escondido State Beach 34.02551 | -118.76500 X
5' SMB 1-9 1 Point Zero JLatigo Canyon, adjacent the Tivoli Bay Villa Treatment Plant (DHS005) 34.02895 | -118.75300 X
E SMB 1-10 1 Point Zero  JSolstice Creek at Dan Blocker County Beach 34.03297 | -118.74100 X
% SMB 1-11 1 Point Zero  JUn-named creek at Puerco Beach (DHS004) 34.03328 | -118.73300 X
§ SMB 1-12 1 Point Zero  JMarie Canyon storm drain at Puerco Beach 34.03072 | -118.71000 X
2 SMB 1-13 1 Point Zero  |Sweetwater Canyon on Carbon Beach 34.03811 | -118.67300 X
fgs SMB 1-14 1 Point Zero JLas Flores Creek at Las Flores State Beach 34.03684 | -118.63600 X
g SMB 1-15 1 Open Beach |Big Rock Beach (DHS001) 34.03670 | -118.61012 X
S SMB 1-16 1 Point Zero  JPena Creek at Las Tunas County Beach 34.03933 | -118.59600 X
@ SMB 1-17 1 Point Zero | Tuna Canyon 34.03936 | -118.58900 X
SMB 1-18 1 Point Zero | Topanga Canyon at Topanga State Beach (S2) 34.03814 | -118.58200 X
SMB 4-1 4 Point Zero  Nicholas Canyon Creek at Nicholas Beach (DHS009) 34.04241 | -118.91559 X
SMB MC-1 9 Open Beach JMalibu Point on Malibu State Beach (DHS003) 34.03143 | -118.68204 X
SMB MC-2 9 Point Zero  |Breach point of Malibu Lagoon (S1) 34.03244 | -118.67900 X
SMB MC-3 9 Open Beach |Malibu Pier on Carbon Beach (DH002) 34.03757 | -118.67631 X
£58
O oF o
3 _‘._,:‘ g g MCW-1 9 Lagoon Located within Malibu Lagoon, below bridge on PCH (LVMWD R-11) 34.03440 | -118.68280 X X
< C 5
s < 8
5 & NSMBCW- Sampling will be conducted near the downstream end up Trancas Canyon,
§ é RW1 ! Creek apprgxirgately 100 yards above PCH so that tidal influezce is minimiz);d. 34.03069 | -118.84167 X X X X X X X
2 § NSMBCW- Sampling will be conducted in Malibu Creek, approximately 200 yards
§ g’ RW2 1 Creek upstream of PCH, i_mmediatel_y downstrgam of the only NSMBCW EWMP 34.03643 | -118.68379 X X X X X X X X X X
e s Agency-owned major outfall in the Malibu Creek HUC-12.
Y g NSMBCW- Site pf (_:ounty st_ream gauging station on_ Topanga Creek (F54(?-R). This
s = RW3 1 Creek monitoring location accounts for approximately 92% of the entire Topanga 34.06402 | -118.58710 X X X X X X X
Creek subwatershed.
25 |nsvecw-o1| 1 Outfall | Tis storm drain outfall is located on the left bank of Trancas Creek, atthe | 34 3141 | 11584124 X X x | x X As Necessary | As Necessary
= p0|_nt where _the creek transmo_ns from concrete_—llned to nat_ural. _
o 8 This outfall is located on the right bank of Malibu Creek, discharging into the
:g ;‘ creek approximately 300 yards north of PCH. This is the only major outfall
§ E NsMBcw-02 | 1 Outfall m”segu?éltrﬁn'}‘;miﬁzvrgi’mi ;3:/2‘%‘3 I‘{::;Z':tg;;'\gj;ﬁz (?Jset‘; mit;;hnfd 34.03701 | -118.68396 X X X X x| x| x X As Necessary | As Necessary
& g control measures. As a result, sampling at this site is only required when
= discharﬂe is observed. _
Per SMB Beaches Bacieria 1 MDLS Tor dry and Wet weather, and Reconsideration ol Certain 1ecnnical Matiers ol the SMBB Bacteria 1 MDL, Resolution R12-007
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Receiving Water Monitoring Locations

Latitude: 34.03069

Monitoring Location ID: NSMBCW-RW1 )
Longitude: -118.84167

Monitoring Location Description: Trancas Canyon Creek transitions from a concrete-lined
trapezoidal channel to a natural channel approximately 200 yards upstream of Pacific Coast
Highway (PCH). Of the known major outfalls in this subwatershed, the most downstream one
discharges to Trancas Creek at this transition point. Sampling will be conducted near the
downstream end up Trancas Creek, approximately 100 yards downstream (southwest) of MS4
contributions and 100 yards upstream (northeast) of PCH so that tidal influence is not a factor.
Access to this location can be gained from the eastern side of the parking lot at the Trancas
Country Market Shopping Center, located at 30745 Pacific Coast Highway. See Figure 4 for a
map of this area.

Site Photographs

Facing upstream in Trancas Creek
from approximate location of
NSMBCW-RW1. The Trancas
Country Market Shopping Center is
located immediately to the left of
this photo.
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Receiving Water Monitoring Locations

NSMBCW-RW1

Facing downstream in Trancas Creek
from approximate location of
NSMBCW-RWI1. Access to this
location can be gained via the trail and
gentle slope of the creek’s bank on the
right side of the image. This trail runs
behind the Trancas Country Market
Shopping Center, and can be accessed
via an opening in the wall separating
the Market’s parking lot from the
creek.

Facing downstream in Trancas Creek,
downstream of approximate location
of NSMBCW-RW1. The image shows
tidal water that has stagnated in this
vicinity. Monitoring at NSMBCW-
RWT1 shall be conducted in such a way
that tidal water is not sampled.
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Receiving Water Monitoring Locations

NSMBCW-RW1

Facing upstream in Trancas Creek,
downstream from the approximate
location of NSMBCW-RW1. The
photo shows the trail that can be used
for access to this location. The wall
shown on the left side of the image
separates the parking lot of the
Trancas Country Market from the
creek and access trail.

A view of Trancas Creek facing
downstream, taken from the access
trail on the west bank. PCH can be
seen in the background crossing the
creek.
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Receiving Water Monitoring Locations

Latitude: 34.03643
Longitude: -118.68379

Monitoring Location ID: NSMBCW-RW?2

Monitoring Location Description: Approximately one mile of Malibu Creek runs through the
City of Malibu before transitioning to Malibu Lagoon near Pacific Coast Highway. Only one
major outfall is known to be owned by the NSMBCW EWMP Group in this subwatershed. Due
to diversions to Malibu Legacy Park and the Civic Center Water Treatment Facility, this outfall
only discharges during very large storm events. Sampling will therefore only be conducted in
Malibu Creek when this major outfall is actively discharging. The sampling point is located
approximately 200 yards upstream (north) of PCH on the west bank of the creek, immediately
downstream of the major outfall. Flow monitoring at this location will be taken from the
County’s automated flow gauge if and when manual flow monitoring is not feasible. Access to
this location can be gained via the trail that runs along the creek on the far east side of the Malibu
Country Mart (at 3822 Cross Creek Rd). See Figure 5 for a map of this area.

Site Photographs

A view from the access trail along the
west bank of Malibu Creek, at
NSMBCW-RW2. The exact location
at which monitoring will occur may be
slightly modified to allow for safe
access due to the slope of the bank.
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Receiving Water Monitoring Locations

NSMBCW-RW2

Facing upstream on Malibu Creek on
the west bank, with the major outfall
tributary seen on the left side of the
image. This photo was taken from the
path on the west bank that allows
access to the monitoring location.

The access trail along the west bank of
Malibu Creek which leads to NSMBCW-
RW2 and NSMBCW-0O2. This photo was
taken near the northeast corner of the
parking lot at the Malibu Country Mart,
adjacent to the Banana Republic store.
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North Santa Monica Bay Coastal Watersheds
Coordinated Integrated Monitoring Program

Receiving Water Monitoring Locations

Latitude: 34.06402
Longitude: -118.58710

Monitoring Location ID: NSMBCW-RW3

Monitoring Location Description: Topanga Canyon Creek drains a mostly natural watershed,
with no known NSMBCW EWMP Group-owned major outfalls in this subwatershed. Due to
the creek’s 303(d) listing for lead, receiving water sampling will be conducted at this location.
Sampling will be conducted at the site of the County stream gauging station on Topanga Creek
(F54C-R). This site can be accessed directly from Topanga Canyon Blvd. The stream gauge is
located immediately adjacent to the road at the Topanga Creek Bridge. A turnout allows for
parking on the east side of the road, immediately north of the bridge. A trail leads to the creek
on the northwest side of the bridge. See Figure 6 for a map of this area.

Site Photographs

Looking down on Topanga Creek
from the west side of the Topanga
Creek Bridge, facing downstream. The
County stream gauge is shown in the
foreground.
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Receiving Water Monitoring Locations

NSMBCW-RW3

The County stream gauging station on
Topanga Creek (F54C-R), near the
southwest corner of the Topanga
Creek Bridge.

Looking under the Topanga Creek
Bridge from the northwest corner of
the bridge. Access to the creek can be
gained from this location.
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Receiving Water Monitoring Locations

NSMBCW-RW3

Looking towards the Topanga Creek
Bridge from the west side of Topanga
Canyon Blvd. The creek is accessible
on the right side of the guardrail. It is
critical that monitoring personnel use
extreme caution when accessing this
location due to fast-moving
automobiles.

Facing northeast from the northwest
corner of the Topanga Canyon Bridge.
A pullout on the east side of Topanga
Canyon Blvd allows for parking.
Extreme caution must be exercised
when crossing the road.
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North Santa Monica Bay Coastal Watersheds
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Stormwater Outfall Monitoring Locations

Latitude: 34.03141
Longitude: -118.84124

Monitoring Location ID: NSMBCW-01

Monitoring Location Description: Trancas Canyon Creek transitions from a concrete-lined
trapezoidal channel to a natural channel approximately 200 yards upstream of Pacific Coast
Highway (PCH). Of the known major outfalls in this subwatershed, the most downstream one
discharges to Trancas Creek at this transition point. This storm drain outfall drains a single
family residential area within the Trancas Creek Subwatershed with some contributions from
nearby Federal lands. It is located on the east bank of the creek, and is a round reinforced
concrete pipe that discharges into a large concrete box structure (see images below). See Figure
4 for a map of this area.

Site Photographs

View of NSMBCW-O1 (concrete box
structure). Small concrete swale
adjacent to the outfall appears to
provide drainage from the grass area
next to it.
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Stormwater Outfall Monitoring Locations

NSMBCW-01

View of the NSMBCW-0O1 box
structure. Minor flow can be seen on
the far side of the structure, though it
was infiltrating before reaching
Trancas Creek.

A view within the box structure,
showing the concrete pipe outfall at
NSMBCW-Ol.
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Stormwater Outfall Monitoring Locations

NSMBCW-0O1

The backside of NSMBCW-O1. The
concrete-lined portion of Trancas
Creek can be seen in the background.
This picture was taken from a trail
area that connects to PCH, providing
access to the outfall. Access is also
available via the County gate shown
on the right side of the photo (requires
a key). The gate is located at the end
of Paseo Canyon Drive.

A view of Trancas Creek facing
upstream, near the NSMBCW-0O1
outfall.
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North Santa Monica Bay Coastal Watersheds
Coordinated Integrated Monitoring Program

Receiving Water Monitoring Locations

Latitude: 34.03701

Monitoring Location ID: NSMBCW-02 )
Longitude: -118.68396

Monitoring Location Description: Only one major owned by the NSMBCW EWMP Group is
known to exist in the Malibu Creek subwatershed. This outfall, a large reinforced concrete box,
is located on the west bank of Malibu Creek, discharging into the creek approximately 300 yards
north of PCH. Due to diversions to Malibu Legacy Park and the Civic Center Water Treatment
Facility, this outfall only discharges during very large storm events. As a result, sampling at this
site is only required when discharge is observed. See Figure 5 for a map of this area.

Site Photographs

Concrete box outfall structure at
NSMBCW-02. This outfall receives
backwater from Malibu Creek and
potentially groundwater, so the
presence of MS4 discharges is
ascertained upstream at the Civic
Center Treatment Facility.
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Stormwater Outfall Monitoring Locations

NSMBCW-02

The small tributary which connects
NSMBCW-02 with Malibu Creek.
This photo was taken from the path on
the west bank that allows access to the
monitoring location.

Path that runs along the west bank of
Malibu Creek, connecting the
commercial center parking lot with the
NSMBCW-02 outfall.
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Monitoring Site Figures
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Appendix B: CIMP Analytical Method Requirements for Constituents Listed in Permit MRP Table E-2

Minimum Level

(Permit Table E-2) Analytical Analysis Holding Container Type'/
Constituent Value Units Methods Time (Max) Preservative
Oil and Grease 5 mg/L EPA 1664A 28d G/ Cool, <6 °C, H,SO,, to pH <
SM 5520 B 2
Total Phenols 100 po/L EPA 420.1 28d G/ Cool, <6 °C, H,SO4 to pH <
SM 5530 D 2
Cyanide (Total) 5 po/L SM 4500 CN F 14d P, FP, G/ Cool, <6 °C, 1:1
ASTM D7511 NaOH to pH > 12
pH 0-14 N/A Field measurement using approved metho Field (15 m) P,FP, G/ Cool,<6 °C
(i.e., electrometric [EPA 150.2],
potentiometric [SM 4500 H B], or
equivalent)
Temperature None °F Field measurement using approved method Field (15 minutes) P, FP, G/ None
(i.e., thermometer [SM 2550 B] or
equivalent)
Dissolved Oxygen Sensitivity to mg/L Field measurement using approved method Field G, Bottle and top / None
5 mg/L (i.e., membrane electrode method [SM (15 m)
4500 O G] or equivalent)
E. coli (fresh waters) 1 MPN/100 ml SM 9221 F 6h PA, G/ Cool <10 °C, 0.0008%
Na,S,03
Dissolved Phosphorus? 0.05 mg/L EPA 365.3 28d P/ Cool, <6 °C, H,SO, to pH <
2
Total Phosphorus 0.05 mg/L SM 3120 B 28d G/ Cool, £6 °C, H,SO4 to pH <
EPA 365.1 2
Turbidity 0.1 NTU EPA 180.1 48 h P, FP, G/ Cool, <6 °C
SM 2130 B

L «p>* js for polyethylene; ““FP’’ is fluoropolymer (polytetrafluoroethylene (PTFE); Teflon®), or other fluoropolymer, ““G’” is glass; “‘PA’’ is any plastic that is made of

a sterilizable material (polypropylene or other autoclavable plastic); *“‘LDPE’’ is low density polyethylene.

2 All dissolved constituents must be filtered upon arrival at analysis laboratory as the official US EPA holding time is 15 minutes.
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Appendix B: CIMP Analytical Method Requirements for Constituents Listed in Permit MRP Table E-2

Suspended Sediment ASTM Standard Test Method 0-3977-97
Concentration (SSC)
Total Suspended Solids (TSS) 2 mg/L SM 2540 D 7d P, FP, G/ Cool, <6 °C
Total Dissolved Solids (TDS) 2 mg/L SM 2540 C 7d P, FP, G/ Cool, <6 °C
Volatile Suspended Solids (VSS) 2 mg/L SM 2540 E 7d P, FP, G/ Cool, <6 °C
EPA 160.4
Sulfate 0.50 mg/L EPA 300.0 28d P, FP, G/ Cool, <6 °C
Total Organic Carbon (TOC) 1 mg/L SM 5310C 28d P, FP, G/ Cool, <6 °C, HCI,
H,S0Oy, or HPO, to pH < 2
Total Petroleum Hydrocarbons 5 mg/L EPA 8015B l4dtoext./ G/Cool, <6 °C
(extractable fraction, i.e., diesel 40 d to analyze
and motor oil range hydrocarbons)
Biochemical Oxygen Demand 2 mg/L 5210 B 48 h P, FP, G/ Cool, <6 °C,add 1
gram FAS crystals per liter if
chlorine residual present
Chemical Oxygen Demand 20-900 mg/L EPA 410.4 28d P, FP, G/ Cool, <6 °C, H,SO, to
SM 5220 D pH<2
Total Ammonia-Nitrogen (NH;-N) 0.1 mg/L EPA 350.1 28d P, FP, G/ Cool, <6 °C, H,SO,4 to
pH<?2
Total Kjeldahl Nitrogen (TKN) 0.1 mg/L EPA 351.2 7 dor28d if acidified | P, FP, G/ Cool, <6 °C, H,SO, to
SM 4500-NH; pH<2
Nitrate+Nitrite (NO,+NO3 as N) 0.1 mg/L EPA 300.0 24 hor28dif P, FP, G/ Cool, <6 °C, H,SO,4 to
acidified pH<?2
Total Nitrogen (TKN+ NO,- N/A Sum of TKN, Nitrate, and Nitrite N/A N/A
N+NO3-N)
Alkalinity 2 mg/L EPA 310.2 14d P, FP, G/ Cool, <6 °C
SM 2320B
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Minimum Level

(Permit Table E-2) Analytical Analysis Holding Container Type'/
Constituent Value Units Methods Time (Max) Preservative
Specific Conductance 1 umho/cm Field measurement using approved method Field (15 min) P,FP, G/ Cool, <6 °C
(i.e., conductivity meter [EPA 120.1] or Lab (28 d) — sample
equivalent) should be filtered
through a 0.45 micron
filter and stored in
dark
Total Hardness 2 mg/L EPA 130.1 6 mo P, FP, G/ HNO; or H,SO, to pH
(as CaCO,) <2
Methylene Blue Active 500 pg/L SM 5540 C 48 h P, FP, G/ Cool, <6 °C
Substances (MBAS)
Chloride 2 mg/L EPA 300.0 28d P, FP, G/ None
SM 4110B
Fluoride 100 pg/L EPA 300.0 28d P / None
SM 4110B
Methyl tertiary butyl ether 1000 pg/L EPA 624 7 G, FP-lined septum / Cool < 6
(MTBE) °C, 0.008% Na,S,0,
Perchlorate 4 pg/L EPA 314.0 28 P/ None
EPA 200.8 P, FP, G-acid rinsed / HNO;3; to
METALS (TOTAL & DISSOLVED® FRACTIONS) SM 3125.B 6 mo pH < 2, or at least 24 hours prior
to analysis
Aluminum 100 po/L -- - --
Antimony 0.5 pg/L - -- -
Arsenic 1 pg/L -- - --
Beryllium 0.5 pg/L -- - --
Cadmium 0.25 pg/L -- - --
Chromium 0.5 po/L -- - --
% All dissolved constituents must be filtered upon arrival at analysis laboratory. The official US EPA holding time is 15 minutes.
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Appendix B: CIMP Analytical Method Requirements for Constituents Listed in Permit MRP Table E-2

Minimum Level

(Permit Table E-2) Analytical Analysis Holding Container Type'/
Constituent Value Units Methods Time (Max) Preservative
Chromium (Hexavalent) 5 po/L EPA 218.6 28d P, FP, G/ Cool, <6 °C,
(NH4)2504/ NH4OH, pH =9.3-
9.7
Copper 0.5 pg/L -- - --
Iron 100, po/L -- - --
Lead 0.5 po/L -- - --
Nickel 1 pg/L -- - --
Selenium 1 pg/L -- - --
Silver 0.25 pg/L -- - --
Thallium 1 pg/L -- - --
Zinc 1 pg/L -- - --
Total & Dissolved* Mercury 0.5 pg/L EPA 245.7 (CVAFS) 90d FP, G, and FP-lined cap / 5 mL/L
EPA 1631 12N HCI or 5 mL/L BrClI
2-Chloroethyl vinyl ether® 1 po/L EPA 624 7d G, FP-lined septum / Cool < 6
°C, 0.008% Na,S,0
EPA 625 7dtoext./ G, FP-lined cap / Cool <6 °C,
SEMIVOLATILE ORGANIC COMPOUNDS SM 6410 B 40 d to analyze 0.008% Na,S,0;
2-Chlorophenol 2 po/L -- - --
4-Chloro-3-methylphenol 1 po/L -- - --
2,4-Dichlorophenol 1 po/L -- - --
2,4-Dimethylphenol 2 po/L -- - --
* All dissolved constituents must be filtered upon arrival at analysis laboratory. The official US EPA holding time is 15 minutes.
® Permit MRP Table E-2 lists 2-Chloroethyl vinyl ether as a base/neutral semi-volatile organic compound.
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Appendix B: CIMP Analytical Method Requirements for Constituents Listed in Permit MRP Table E-2

2,4-Dinitrophenol 5 pg/L - - -
2-Nitrophenol 10 pg/L - - -
4-Nitrophenol 5 pg/L - - -

Phenol 1 pg/L -- - -
2,4,6-Trichlorophenol 10 po/L -- - -
Acenaphthene 1 po/L -- - -
Acenaphthylene 2 po/L -- - -
Anthracene 2 pg/L - - -
Benzidine 5 pg/L - - -

1,2 Benzanthracene 5 pg/L - - -
Benzo(a)pyrene 2 ua/L -- - -
Benzo(g,h,i)perylene 5 Mg/l - -- -

3,4 Benzoflouranthene 10 po/L -- - -
Benzo(k)flouranthene 2 po/L -- - -
Bis(2-Chloroethoxy) methane 5 po/L -- - -
Bis(2-Chloroisopropyl) ether 2 pa/L -- -- -
Bis(2-Chloroethyl) ether 1 pg/L - - -
Bis(2-EthylhexI) phthalate 5 pg/L - - -
4-Bromophenyl phenyl ether 5 pg/L - - -
Butyl benzyl phthalate 10 po/L -- - -
2-Chloronaphthalene 10 po/L -- - -
4-Chlorophenyl phenyl ether 5 Mg/l -- -- -
Chrysene 5 po/L -- - -
Dibenzo(a,h)anthracene 0.1 pg/L - - -
1,3-Dichlorobenzene 1 pg/L - - -
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Appendix B: CIMP Analytical Method Requirements for Constituents Listed in Permit MRP Table E-2

1,4-Dichlorobenzene 1 pg/L - - -
1,2-Dichlorobenzene 1 pg/L - - -
3,3-Dichlorobenzidine 5 pg/L - - -
Diethyl phthalate 2 pg/L -- - -
Dimethyl phthalate 2 po/L -- - -
Di-n-Butyl phthalate 10 po/L -- - -
2,4-Dinitrotoluene 5 po/L -- - -
2,6-Dinitrotoluene 5 pg/L - - -

4,6 Dinitro-2-methylphenol 5 pg/L - - -
1,2-Diphenylhydrazine 1 pg/L - - -
Di-n-Octyl phthalate 10 pg/L -- - -
Fluoranthene 0.05 po/L -- - -
Fluorene 0.1 po/L -- - -
Hexachlorobenzene 1 po/L -- - -
Hexachlorobutadiene 1 po/L -- - -
Hexachloro-cyclopentadiene 5 pg/L - - -
Hexachloroethane 1 pg/L - - -
Indeno(1,2,3-cd)pyrene 0.05 pa/L -- - -
Isophorone 1 pg/L - - -
Naphthalene 0.2 po/L -- - -
Nitrobenzene 1 po/L -- - -
N-Nitroso-dimethyl amine 5 po/L -- - -
N-Nitroso-diphenyl amine 1 po/L -- - -
N-Nitroso-di-n-propyl amine 5 pa/L -- -- -
Pentachlorophenal 2 pg/L - - -
Phenanthrene 0.05 pg/L - - -
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Appendix B: CIMP Analytical Method Requirements for Constituents Listed in Permit MRP Table E-2

Pyrene 0.05 po/L -- - -

1,2,4-Trichlorobenzene 1 pg/L - - _
EPA-gpproveq anal){tical methods_ 7 dto ext. / G, FP-lined cap / Cool <6 °C,
CHLORINATED PESTICIDES commercially available in the region (i.e., 40 d to analyze NaOH or H,SO,, pH 5-9, 0.008%
EPA 8270) Na,S,04
Aldrin 0.005 pg/L - - -
alpha-BHC 0.01 pg/L - - -
beta-BHC 0.005 pg/L - - -
delta-BHC 0.005 po/L -- - -
gamma-BHC (lindane) 0.02 po/L -- - -
alpha-chlordane 0.1 po/L -- - -
gamma-chlordane 0.1 po/L -- - -
4,4'-DDD 0.00004 po/L -- -- -
4,4-DDE 0.00008 po/L -- -- -
4,4-DDT 0.00008 po/L -- -- -
Dieldrin 0.01 pg/L - - -
alpha-Endosulfan 0.02 po/L -- - -
beta-Endosulfan 0.01 po/L -- - -
Endosulfan sulfate 0.05 po/L -- - -
Endrin 0.01 po/L -- - -
Endrin aldehyde 0.01 pg/L - - -
Heptachlor 0.01 pg/L - - -
Heptachlor epoxide 0.01 pg/L - - -
Toxaphene 0.5 pg/L - - -
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Appendix B: CIMP Analytical Method Requirements for Constituents Listed in Permit MRP Table E-2

Minimum Level
(Permit Table E-2) Analytical Analysis Holding Container Type'/
Constituent Value Units Methods Time (Max) Preservative
Total PCBs® range for all po/L Method 1668 (using High Resolution Mass 1 yr to extract / G, FP-lined cap / Cool <6 °C
congeners: Spectrometry) 1 yr to analyze
0.000005-
0.000020
Total PCBs: po/L
0.000020
ORGANOPHOSPHATE PESTICIDES EPA525.2 VL) G, FP-lined cap f Cool <6 °C, pH
40 d to analyze 5-9
Atrazine 2 pg/L - - -
Chlorpyrifos 0.05 pg/L - - -
Cyanazine 2 po/L EPA 629 / 507 - --
Diazinon 0.01 pg/L - - -
Malathion 1 pg/L - - -
Prometryn 2 Mg/l - - -
Simazine 2 pg/L - - -
7 dtoext./ G, FP-lined cap / Cool <6 °C, pH
HERBICIDES 40 d to analyze 5-9
2,4-D 10 Hg/L EPA 615 - -
SM 6640B
Glyphosate 5 pg/L EPA 547 - -
2,4,5-TP-SILVEX 0.5 po/L EPA 615 -- --
SM 6640B

Data Sources:
Los Angeles County Permit Order No. R4-2012-0175

USEPA Santa Monica Bay TMDL for DDTs and PCBs (March 2012)

® Monitoring for PCBs in sediment or water will be reported as the summation of aroclors and a minimum of 40 congeners per the State of California’s Surface Water
Ambient Monitoring Program's Quality Assurance Program Plan.
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Los Angeles Region Basin Plan CH. 3 Water Quality Objectives (1994)
State Water Resources Control Board Online Water Quality Goals Database: (http://www.waterboards.ca.gov/water_issues/programs/water_quality goals/search.shtml)

USEPA Federal Register Vol. 77, No. 97, Part Il. Guidelines Establishing Test Procedures for the Analysis of Pollutants Under the Clean Water Act; Analysis and
Sampling Procedures (May 2012)

Quality Assurance Program Plan (QAPP), The State of California’s Surface Water Ambient Monitoring Program (SWAMP) (September 2008)
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1 INTRODUCTION

This document summarizes the Standard Operation Procedures (SOPs) for water quality and
flow sampling and measurement. This document is organized by procedures including an
overview of the Permit' monitoring requirements, protocols for collecting water quality samples
and performing flow monitoring and estimation, dry weather outfall screening requirements, and
quality assurance and quality control requirements.

1.1 Definition of SOP Terms

e Aliquot: A discrete sample collected as part of a composite sample.

e Grab Sample: A discrete sample collected on a one-time basis with regard to flow or
time. The sample is typically collected within a short period of time, usually less than 15
minutes. It is analyzed as a single sample and represents an instantaneous point in time.
This method is used to collect samples for constituents not amenable to composite
sampling due to short holding times and specific collection or preservation needs.

e Composite Sample: Used to determine an event mean concentration (to the extent
feasible, the samples are representative of the entire storm hydrograph) or loading of a
constituent in water. The samples are collected at regular intervals based on time or flow
rate, and pooled into one large sample for analysis.

e Clean Hands/Dirty Hands: The sampling protocol to be used to handle the sampling
equipment and sample bottles (as appropriate) (see Section 3.1.1).

2  PROCEDURES

2.1.1 Sample Collection Procedures

Three types of sampling procedures will be conducted to obtain representative measurements of
the monitoring constituents: time-weighted composite samples, grab samples, and field
measurements.

The Permit requires that samples and measurements taken for the purpose of monitoring shall be
representative of the monitored activity. To ensure representative wet weather samples are
collected, manual composite samples will be collected for the majority of the constituents in the
monitoring program. Collection of a time-weighted composite sample will entail collecting one
aliquot every 20 minutes during the first three (3) hours of a qualifying storm event, or over the

! This CIMP SOP was developed in accordance with Order No. R4-2012-0175, Monitoring and Reporting Program
(MRP) No. CI-6948, dated November 8, 2012.
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entire storm if the storm duration is predicted to be less than 3 hours, as feasible (for a total of
ten aliquots).

Manual composite sample collection will be performed using a depth integrated sampler and/or a
properly cleaned sample container with a pole attachment to collect discrete aliquots that will be
combined to form one composite sample per monitoring event. Alternatively a peristaltic pump
(such as a Masterflex E/S Portable Sampler with laboratory-cleaned fluoropolymers tubing) or
portable autosampler (such as the ISCO 6712 with laboratory-cleaned fluoropolymers tubing)
may be used to collect the discrete aliquots that will form the composite sample.

Grab samples will be collected for bacteria, oil and grease, total petroleum hydrocarbons (TPH),
cyanide, total phenols and volatile organic compounds (i.e., MTBE and 2-Chloroethyl vinyl ether
only). Grab samples should be collected at the same time field measurements are performed.
More details on the sampling procedures are provided in Section 2.5.

Field measurements will be gathered for readings that may change in transit between the
sampling site and the laboratory such as pH, dissolved oxygen, temperature, and specific
conductivity. Procedures for measuring these water quality indicators in the field are provided in
Section 2.5.4.

In the first year of the monitoring program, the sites will be assessed for the feasibility of
installing automated flow monitoring and sampling equipment including the benefit of using real
time controls. Automated monitoring equipment would facilitate the collection of more
representative samples that represent a greater portion of flow hydrograph. If automated
monitoring equipment is installed at one or more CIMP monitoring locations after the first year,
this SOP will be updated accordingly.

2.2 Monitoring Program Analytical Requirements

A summary of the monitoring program analytical requirements is provided in Appendix B.>*
Appendix B includes the required analytical method, minimum reporting level* (i.e., practical

2Appendix B is based on MS4 Permit Attachment E (Monitoring and Reporting Program [MRP] Table E-2 (Storm
Water Monitoring Program’s Constituents with Associated Minimum Levels) and with requirements added for
303(d)-listed constituents and constituents with Total Maximum Daily Loads (TMDLs), as applicable.

3All monitoring, sampling, sample preservation, and analyses must be conducted according to test procedures
approved under 40 CFR Part 136 for the analysis of pollutants, unless another test procedure is required under 40
CFR subchapter N or O or is otherwise specified in the MS4 Permit for such pollutants. If a particular Minimum
Level is not attainable in accordance with procedures set forth in 40 CFR Part 136, the lowest quantifiable
concentration of the lowest calibration standard analyzed by a specific analytical procedure may be used instead.
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quantitation limit), analysis holding time, and container type and preservative. A summary of the
sample volume requirements is provided in Table C-1. Note that the sample volume
requirements could be reduced after the first significant storm event and the first August dry
weather event, if constituents from Permit MRP Table E-2 no longer need to be analyzed
because they were either not detected above the analytical method detection limit, or they were
detected below the lowest applicable water quality objective.

This SOP is based on information provided by Weck Laboratories in City of Industry, California
(chemical analyses), Vista Analytical Laboratory in El Dorado Hills, California (chemical
analyses), and Aquatic Bioassay & Consulting laboratories, Inc. (ABC) in Ventura, California
(toxicity analyses). Other analytical laboratories may be substituted for monitoring program
implementation provided the laboratories meet the following requirements:

1. Certified for such analyses by an appropriate governmental regulatory agency.

2. Participated in “Intercalibration Studies” for storm water pollutant analysis conducted by
the Southern California Municipal Storm Water Monitoring Coalition (SMC)’.

3. Performs laboratory analyses consistent with the storm water monitoring guidelines as
specified in, the Stormwater Monitoring Coalition Laboratory Guidance Document, 2nd
Edition R. Gossettt and K. Schiff (2007), and its revisions.

4 The Minimum Reporting Level is specified for all constituents listed in MRP Table E-2.

SThe ‘Intercalibration Studies’ are conducted periodically by the SMC to establish a consensus based approach for
achieving minimal levels of comparability among different testing laboratories for storm water samples to minimize
analytical procedure bias. Stormwater Monitoring Coalition Laboratory Document, Technical Report 420 (2004)
and subsequent revisions and augmentations.

NSMBCW CIMP_Appendix C C-6 July 2015



NSMBCW CIMP
Appendix C. SOP

July 2015
Table C-1. CIMP Sample Volume Requirements
Additional Volume Needed
. Bottle
. Container No. for MS/MSD
Constituents . Volume
Type Containers (mL) No. Bottle
Containers Volume (mL)
Composite Samples
Total Hardness, total and
dissolved metals Polyethylene 1 1,000 0 0
Cr6, Total VOA 1 40 0 0
Cr6, Dissolved VOA 1 40 0 0
Ammonia, COD, NO3+NO2 as
N, TKN Polyethylene 1 500 0 0
BOD, Alkalinity, pH, EC,
MBAS, TDS, TSS, Turbidity, | | cthvlene (1 1 3,785 0 0
Gallon)
VSS
Chlorinated Herbicides (EPA Amber Glass 1 250 0 0
515.3)
Organophosphate Pesticides
(EPA 525.2) Amber Glass 2 1,000 2 1,000
Glyphosate (EPA 547) Amber VOA 40 40
Chlorinated Pesticides Amber Glass 2 1,000 1,000
Semivolatile Organic
A 1 2 1 2 1,000
Compounds (EPA 625) mber Glass 000 ’
Fluoride, Sulfate (EPA 300.0) Polyethylene 1 250 0 0
Perchlorate (EPA 314) Polyethylene 1 250 0 0
Total & Dissolved Phosphorus Polyethylene 1 500 0 0
Total Organic Carbon Amber Glass 1 250 0 0
Toxicity (3 te.s‘F species and TIE Cubitainer 1 18.927 N/A N/A
for most sensitive species) (5 Gallon)
Composite Sample Subtotal 18 28,832 7 3,040
Grab Samples
Cyanide Polyethylene 1 500
Bacteria Sterile 3 125
Volatile organic Compounds
(EPA 624) VOA 3 40 3 40
TPH-Diesel, TPH-Motor Oil
’ 2 1 2 1
(EPA 8015) Amber Glass ,000 ,000
Oil & Grease (EPA 1664) Glass 2 1,000 1,000
Phenolics (EPA 420.4) Amber Glass 500 0
TOTAL 30 31,997 14 5,080

NSMBCW CIMP_Appendix C

C-7

July 2015




NSMBCW CIMP
Appendix C. SOP
July 2015

2.3 Aquatic Toxicity Testing and Toxicity Identification Evaluations

The aquatic toxicity testing requirements outlined in the Permit are intended to determine
whether water column toxicity is observed in targeted receiving waters and then assess which
pollutant categories may potentially be causing the adverse aquatic effects. The results of aquatic
toxicity testing are intended to guide future receiving and outfall water quality monitoring and
contribute to the identification and control of toxicity causing pollutants in urban runoff through
watershed control measures that may include: pollutant source controls, modified minimum
control measures (MCMs) and Best Management Practices (BMPs). The following subsections
outline the approach for conducting the NSMBCW EWMP Group’s aquatic toxicity monitoring
and evaluation. Control measures and management actions to address confirmed toxicity caused
by urban runoff are addressed by the EWMP, either via currently identified management actions
or those that are identified via adaptive management of the EWMP.

The approach to conducting aquatic toxicity monitoring is presented in Figure C-1, which
describes a general evaluation process for each sample collected as part of routine sampling
conducted twice per year in wet weather and once per year in dry weather. Monitoring begins in
the receiving water and the information gained is used to identify constituents for monitoring at
outfalls to support the identification of pollutants that need to be addressed in the EWMP. The
sub-sections below describe the detailed process and its technical and logistical rationale.
Although not specified for testing at this time, the saltwater toxicity testing approach is also
provided if such testing is initiated at any point during the life of the CIMP.
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No further action
required

.
Conduct Aquatic Toxicity
Testing
Exceed toxicity
identification evaluation
(TIE) thresholds?
Conduct TIE

* Did the TIE results trigger
monitoring at outfalls or inform
management decisions?

e

Add to outfall monitoring,
continue receiving water toxicity
monitoring and incorporate
information into EWMP

A VI

Develop and implement
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2.3.1 Sensitive Species Selection

The MRP (page E-32) states that a sensitivity screening to select the most sensitive test species
should be conducted unless “a sensitive test species has already been determined, or if there is
prior knowledge of potential toxicant(s) and a test species is sensitive to such toxicant(s), then
monitoring shall be conducted using only that test species.” Previous relevant studies conducted
in the watershed should be considered. Such studies may have been completed via previous MS4
sampling, wastewater NPDES sampling, or special studies conducted within the watershed. The
following sub-sections discuss the species selection process for assessing aquatic toxicity in
receiving waters.

2.3.1.1 Freshwater Sensitive Species Selection

As described in the MRP (page E-31), if samples are collected in receiving waters with salinity
less than 1 part per thousand (ppt), or from outfalls discharging to receiving waters with salinity
less than 1 ppt, toxicity tests should be conducted on the most sensitive test species in
accordance with species and short-term test methods in Short-term Methods for Estimating the
Chronic Toxicity of Effluents and Receiving Waters to Freshwater Organisms (EPA/821/R-
02/013, 2002; Table TA, 40 CFR Part 136). Static renewal freshwater toxicity test species
identified in the MRP are:

» Fathead minnow, Pimephales promelas (Larval Survival and Growth Test Method
1000.04).

» Daphnid, Ceriodaphnia dubia (Survival and Reproduction Test Method 1002.05).

» Green alga, Selenastrum capricornutum (Raphidocelis subcapitata) (Growth Test
1003.0).

Low salinity (fresh) receiving water toxicity testing data from within the NSMBCW EWMP
Area were not identified during CIMP preparation. Toxicity data from regional receiving waters
suggest that organophosphate pesticides, pyrethroids, and metals may contribute to aquatic
toxicity. Assuming the potential presence of these toxicants in the NSMBCW EWMP Area,
relative sensitivity to these pollutants was a primary consideration in selecting from among the
three common test species.

Ceriodaphnia dubia (C. dubia) is often used locally and reported upon nationally, as a broad
spectrum test species that is sensitive for historical and current use pesticides and metals, and
studies indicate that it is more sensitive to the toxicants of concern than Pimephales promelas (P.
promelas) or Selenastrum capricornutum (S. capricornutum). In Aquatic Life Ambient
Freshwater Quality Criteria - Copper, the USEPA reports greater sensitivity of C. dubia to
copper (species mean acute value of 5.93 pg/l) than for P. promelas (species mean acute value of
69.93 ng/l; EPA, 2007). C. dubia’s relative sensitivity to copper extends to multiple metals.
Additionally, researchers at the University of California (UC), Davis reviewed available reported
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species sensitivity values in developing pesticide criteria for the Central Valley Regional Water
Quality Control Board. In developing pesticide criteria for the Central Valley Regional Water
Quality Control Board, researchers at University of California at Davis, reported higher
sensitivity of C. dubia to diazinon and bifenthrin (species mean acute value of 0.34 pg/l and
0.105 pg/l) compared to P. promelas (species mean acute value of 7804 pg/l and 0.405 pg/l;
Palumbo et al., 2010a,b). Additionally, in a stormwater study for the City of Stockton, urban
stormwater runoff found acute and chronic toxicity to C. dubia, with no toxicity to S.
capricornutum or P. promelas (Lee and Lee, 2001). The toxicity was attributed to
organophosphate pesticides, indicating a higher sensitivity of C. dubia compared to S.
capricornutum or P. promelas. While P. promelas is generally less sensitive to metals and
pesticides, this species can be more sensitive to ammonia than C. dubia. However, as ammonia is
not typically a constituent of concern for urban runoff and ammonia is not consistently observed
above the toxic thresholds in the watershed, P. promelas is not considered a particularly sensitive
species for evaluating the impacts of urban runoff in receiving waters in the watershed.

S. capricornutum is a species sensitive to herbicides; however, while sometimes present in urban
runoff, herbicides are not identified as a potential toxicant in the watershed. Additionally, S.
capricornutum is not considered the most sensitive species as it is not sensitive to pyrethroids or
organophosphate pesticides and is not as sensitive to metals as C. dubia. Additionally, the S.
capricornutum growth test can be affected by high concentrations of suspended and dissolved
solids, color, and pH extremes, which can interfere with the determination of sample toxicity. As
a result, it is common to manipulate the sample by centrifugation and filtration to remove solids
in order to conduct the toxicity test; however, this process may affect the toxicity of the sample.
In a study of urban highway stormwater runoff (Kayhanian et. al, 2008), S. capricornutum
response to the stormwater samples was more variable than the C. dubia and the P. promelas and
in some cases the algal growth was possibly enhanced due to the presence of stimulatory
nutrients. Also, in a study on the City of Stockton urban stormwater runoff (Lee and Lee, 2001)
the S. capricornutum tests rarely detected toxicity where the C. dubia and the P. promelas
regularly detected toxicity.

Based on best professional judgment and local experience with the Permit-identified freshwater
species, C. dubia is most sensitive to the broadest range of potential toxicant(s) typically found
in local fresh receiving waters impacted by urban runoff and will be selected for freshwater
toxicity testing by the NSMBCW EWMP Group. The species can be maintained in laboratory
cultures making them generally available year round. The simplicity of the test, the ease of
interpreting results, and relatively small sample volume necessary to run the test, make the test a
valuable screening tool. The ease of sample collection and higher sensitivity will support
assessing the presence of ambient receiving water toxicity or long term effects of toxic
stormwater over time. As such, toxicity testing in the freshwater portions of the watershed will
be conducted using C. dubia. However, C. dubia test organisms are typically cultured in
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moderately hard waters (80-100 mg/L CaCOs3) and can have increased sensitivity to elevated
water hardness greater than 400 mg/L. CaCOs3), which is beyond their typical habitat range.
Because of this, in instances where hardness in site waters exceeds 400 mg/L (CaCOs), an
alternative test species may be used. Daphnia magna is more tolerant to high hardness levels and
is a suitable substitution for C. dubia in these instances (Cowgill and Milazzo, 1990).

2.3.1.2 Saltwater Sensitive Species Selection

Samples collected in receiving waters with salinity equal to or greater than 1 ppt or from outfalls
discharging to receiving waters with salinity that is equal to or greater than 1 ppt, should be
tested using the most sensitive test species in accordance with Short-term Methods for
Estimating the Chronic Toxicity of Effluents and Receiving Waters to West Coast Marine and
Estuarine Organisms (EPA/600/R-95/136, 1995). The marine and estuarine test species
identified in the MRP are:

» A static renewal toxicity test with the topsmelt, Atherinops affinis (Larval Survival and
Growth Test Method 1006.015).

» A static non-renewal toxicity test with the purple sea urchin, Strongylocentrotus
purpuratus (Fertilization Test Method 1008.0).

» A static non-renewal toxicity test with the giant kelp, Macrocystis pyrifera (Germination
and Growth Test Method 1009.0).

In addition to the three species identified in the MRP, the red abalone, Haliotis rufescens (H.
rufescens), larval development test was also considered given its extensive use in the region.

Although all the species mentioned have been demonstrated as sensitive to a wide variety of
toxicants and have been subject to numerous inter- and intra-laboratory testing using
standardized toxicants, two species: Macrocystis pyrifera (M. pyrifera) and Atherinops affinis (A.
affinis); have limitations when used to assess the toxicity of stormwater, as compared to the sea
urchin fertilization test and the red abalone larval development test.

The method for M. pyrifera is a 48-hour chronic toxicity test that measures the percent zoospore
germination and the length of the gametophyte germ tube. Although the test may be sensitive to
herbicides, fungicides, and treatment plant effluent, the use of M. pyrifera as a test species for
stormwater monitoring may not be ideal. Obtaining sporophylls for stormwater testing could also
be a limiting factor for selecting this test. Collection of M. pyrifera sporophylls from the field is
necessary prior to initiating the test and the target holding time for any receiving water or
stormwater sample is 36 hours; however, 72 hours is the maximum time a sample may be held
prior to test initiation. During the dry season, meeting the 36-72 hour holding time will be
achievable; however, field collection during wet weather may be delayed beyond the maximum
holding time due to heavy seas and inaccessible collection sites. In addition, collection of M.
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pyrifera sporophylls during the storm season may include increased safety risks that can be
avoided by selection of a different species.

The A. affinis test measures the survival and growth test of a larval fish over seven days. At the
end of seven days of exposure to a suspected toxicant, the number of surviving fish are recorded,
along with their weights, and compared to those exposed to non-contaminated seawater. Positive
characteristics of the 4. affiniss chronic test include the ability to purchase test organisms from
commercial suppliers as well as being one of the few indigenous test species that may be used to
test undiluted stormwater by the addition of artificial sea salts to within the range of marine
receiving waters. Unfortunately, the tolerance of 4. affinis to chemicals in artificial sea salts may
also explain their lack of sensitivity to changes in water quality compared to other test organisms
such as the sea urchin or red abalone. There are concerns with the comparability of conducting a
seven-day exposure test when most rain events do not occur over a seven-day period.

The Strongylocentrotus purpuratus (S. purpuratus) fertilization test measures the ability of S.
purpuratus sperm to fertilize an egg when exposed to a suspected toxicant. The S. purpuratus
fertilization has been selected as a chronic toxicity test organism in previous MS4 permits and
has been used to assess ambient receiving water toxicity, sediment pore water toxicity, as well as
stormwater toxicity. The S. purpuratus fertilization test is also among the most sensitive test
species to metals. The adult test organisms may be purchased and held in the lab prior to
fertilization, and the sample volume necessary to conduct the test is small with respect to the
other suggested tests. The minimal exposure period (20 min) allows for a large number of tests to
be conducted over a short period of time and permits the testing of toxicants that may lose their
potency over long periods of time.

The red abalone larval development test measures the percent of abnormal shell development in
larvae exposed to toxic samples for 48 hours. The red abalone is commonly used to test
treatment plant effluent, but has had limited use in stormwater compared to the S. purpuratus
fertilization test. The advantages of the red abalone test include a sensitive endpoint, the ability
to purchase abalone from commercial suppliers and hold test organisms prior to spawning, and
low variability in results compared to other species (e.g., S. purpuratus fertilization test). Thus,
though not listed as a potential test species for use in stormwater monitoring in the Permit, it was
considered as a potentially sensitive species for the purposes of selecting the most sensitive
species.

Due to the limitations of the giant kelp germination and growth test and the topsmelt survival and
growth test, in addition to not being particularly sensitive to the constituents identified as
problematic in stormwater water runoff from the watershed, these tests are not considered
particularly helpful in supporting the identification of pollutants of concern. Based on the
sensitivity, smaller test volume requirements, their ability to be housed in the lab prior to testing,
and shorter exposure times, the S. purpuratus fertilization test and the red abalone development
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test will be considered during sensitive species selection to measure toxicity in marine and
estuarine environments. Based on historical data of the sensitivity of the S. purpuratus and red
abalone tests, and the limiting factors associated with the topsmelt and giant kelp tests, the
sensitive species test for marine and estuarine species will be conducted with the S. purpuratus
and red abalone tests, if ever necessary. Species screening was determined to be appropriate for
these two species (as opposed to selecting just one) as testing conducted within the region with
both species have shown varying sensitivity. Thus, it is appropriate to test both to determine
sensitivity at a given site. After the screening testing is completed, monitoring will be conducted
with the most-sensitive species, if ever necessary.

2.3.2 Testing Period

The following subsections characterize the toxicity testing periods for samples collected during
dry and wet weather conditions.

2.3.2.1 Freshwater Testing Periods

Despite the test duration not being typical of stormwater flows, Board staff has recommended
that a chronic testing period (typically 7 days) be used for toxicity testing for both survival and
reproductive/growth endpoints for C. dubia in samples. Chronic testing will be conducted on
undiluted samples in accordance with Short-term Methods for Estimating the Chronic Toxicity
of Effluents and Receiving Waters to Freshwater Organisms (USEPA, 2002a). Utilization of
chronic tests to assess wet weather samples may generate results that are not representative of
receiving water conditions.

2.3.2.2 Saltwater Testing Period

Two marine and estuarine toxicity species tests utilize methods that have short durations (20
minutes for the S. purpuratus fertilization test and 48 hours for the H. rufescens development
test), the end points are sub-lethal and can be considered representative of chronic effects. Both
test species and test methods are suitable for wet weather and dry weather monitoring.

2.3.3 Toxicity Endpoint Assessment and Toxicity Identification Evaluation Triggers

As directed by the Permit MRP, chronic toxicity test endpoints will be analyzed using the Test of
Significant Toxicity (TST) t-test approach specified by the USEPA (USEPA, 2010). The Permit
specifies that the chronic in-stream waste concentration (IWC) be set at 100% receiving water
for receiving water samples and 100% discharge for outfall samples. Follow-up triggers are
generally based on the Permit specified statistical assessment as described below.

For chronic C. dubia toxicity testing, if a statistically significant 50% difference in mortality is
observed between the sample and laboratory control, a TIE will be performed. If a statistically
significant 50% difference in a sub-lethal endpoint is observed between the sample and
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laboratory control, a confirmatory sample will be collected from the receiving water within two
weeks of obtaining the results of the initial sample. If a statistically significant 50% difference in
mortality or sub-lethal endpoint is observed between the sample and laboratory control on the
confirmatory sample, a TIE will be performed.

For the chronic marine and estuarine tests, the percent effect will be calculated. The percent
effect is defined as the difference between the mean control response and the mean IWC
response divided by the control response, multiplied by 100. A TIE will be performed if the
percent effect value is equal to or greater than 50 percent. The TIE procedures will be initiated as
soon as possible after the toxicity trigger threshold is observed to reduce the potential for loss of
toxicity during sample storage. If the cause of toxicity is readily apparent or is caused by
pathogen related mortality (PRM) or epibiont interference, the result will be rejected. In cases
where significant endpoint toxicity effects greater than 50% are observed in the original sample,
but the follow-up TIE positive control “signal” is not statistically significant, the cause of
toxicity will be considered non-persistent and no sample follow-up testing is required. Future test
results should be evaluated to determine if parallel TIE treatments are necessary to provide an
opportunity to identify the cause of toxicity.

2.3.4 Toxicity Identification Evaluation Approach

The results of toxicity testing will be used to trigger further investigations to determine the cause
of observed laboratory toxicity. The primary purpose of conducting TIEs is to support the
identification of management actions that will remove toxicants from the receiving waters.
Successful TIEs will guide adaptive outfall monitoring strategies to identify and analyze for
suspect pollutant(s) and guide source control efforts.

The TIE approach is divided into three phases as described in USEPA’s 1991 Methods for
Aquatic Toxicity Identification Evaluations — Phase I Toxicity Characterization Procedures —
Second Edition (EPA/600/6-9/003) and briefly summarized as follows:

» Phase I utilizes methods to characterize the physical/chemical nature of the constituents
which cause toxicity. Such characteristics as solubility, volatility and filterability are
determined without specifically identifying the toxicants. Phase I results are intended as a
first step in specifically identifying the toxicants but the data generated can also be used
to develop treatment methods that remove the toxicity without specifically identifying the
toxicants.

» Phase II utilizes methods to specifically identify toxicants, or toxicant pollutant class.

» Phase III utilizes methods to confirm the identity of suspected toxicant(s).
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TIE methods will generally adhere to USEPA procedures documented in conducting TIEs
(USEPA, 1991, 1992, 1993a-b). A Phase I TIE will be conducted on samples that exceed the
TIE. Water quality data will be reviewed to support future evaluation of potential toxicants. TIEs
will perform the manipulations described in Table C-2.

Toxicity causation will be tentatively identified based on the treatments in Table C-2 and, when
possible, the results verified based on water column chemistry analyses. After an initial
determination of the cause of toxicity, the information may be used during future TIEs to target
the expected toxicant(s) or provide new treatments to narrowly identify the toxicant cause(s).
Moreover, if the toxicant or toxicant class is not initially identified, toxicity monitoring during
subsequent events will confirm if the toxicant is persistent or a short-term episodic occurrence.
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Table C-2. Aquatic Toxicity Identification Evaluation (TIE) Sample Manipulations

TIE Sample Manipulation

Expected Response

Adjust to between pH 7 and 8.5

Alters toxicity in pH sensitive compounds (i.e., ammonia and some
trace metals)

Filtration or centrifugation

Removes particulates and associated toxicants

Ethylene Diamine Tetra Acetic Acid
(EDTA)

Chelates trace metals, particularly divalent cationic metals

Sodium thiosulfate (STS) addition

Reduces toxicants attributable to oxidants (i.e., chlorine) and some trace
metals

Piperonyl Butoxide (PBO)

Reduces toxicity from organophosphate pesticides such as diazinon,
chlorpyrifos and malathion, and enhances pyrethroid toxicity

Carboxylesterase addition")

Hydrolyzes pyrethroids

Solid Phase Extraction (SPE) with C18
column

Removes non-polar organics (including pesticides) and some relatively
non-polar metal chelates

Sequential Solvent Extraction of C18
column

Further resolution of SPE-extracted compounds for chemical analyses

Baseline test for comparing the relative effectiveness of other

No Manipulation . )
manipulations

Carboxylesterase addition has been used in recent studies to help identify pyrethroid-associated toxicity (Wheelock
et al., 2004; Weston and Amweg, 2007). However, this treatment is experimental in nature and should be used along
with other pyrethroid-targeted TIE treatments (e.g., PBO addition).

As the primary goals of conducting TIEs is to identify pollutants for incorporation into outfall
monitoring, narrowing the list of toxicants following Phase I TIEs via Phase II or III TIEs is not
necessary if the toxicant class determined during the Phase I TIE is sufficient for: (1) identifying
additional pollutants for outfall monitoring; and/or (2) identifying control measures. Thus, if the
specific pollutant(s) or the analytical class of pollutant (e.g., metals that are analyzed via USEPA
Method 200.8) are identified then sufficient information is available to inform the addition of
pollutants to outfall monitoring.

Phase II TIEs may be utilized to identify specific toxicants in a sample if information beyond
that gained via the Phase I TIE and review of chemistry data is needed to identify monitoring or
management actions. Phase III TIEs will be conducted following any Phase II TIEs.

TIEs will be considered inconclusive if:
» The toxicity is persistent (i.e., observed in the positive control), and

» The cause of toxicity cannot be attributed to a class of constituents (e.g., insecticides,
metals, etc.) that can be targeted for monitoring or additional source controls.
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If (1) a combination of causes act in a synergistic or additive manner are identified; (2) the
toxicity can be removed with a treatment or combination of the TIE treatments; or (3) the
analysis of water quality data collected during the same event identifies the pollutant or
analytical class of pollutants, the result of a TIE is considered conclusive.

Note that the MRP (page E-33) allows a TIE Prioritization Metric to be used in ranking sites for
TIEs. As the extent to which TIEs will be conducted is unknown, prioritization cannot be
assessed at this time, but may be utilized in the future based on the results of toxicity monitoring
and the CIMP adaptive management.

2.3.5 Discharge Assessment

The NSMBCW EWMP Group will prepare a Discharge Assessment Plan (DAP), if TIEs, from
consecutive sampling events, are inconclusive. The Discharge Assessment will only be initiated
after consecutive inconclusive TIEs, because of the inherent variability associated with the
toxicity and TIE testing methods. The DAP will consider observed receiving and outfall
toxicants above known species effect levels and the relevant exposure periods compared to the
duration of the observed toxicity. The DAP will identify:

» Additional potential receiving water toxicity monitoring to evaluate the spatial extent of
toxicity.

» The toxicity test species to be utilized. If a different species is proposed, justification for
the substitution will be provided.

» The number and location of monitoring sites and their spatial relation to the observed
receiving water toxicity.

» The number of monitoring events that will be conducted, a schedule for conducting the
monitoring, and a process for evaluating the completion of the assessment monitoring.

The DAP will be submitted to Regional Board staff for comment within 60 days of receipt of
notification of the second consecutive inconclusive result. If no comments are received within 30
days, it will be assumed that the approach is appropriate for the given situation and the DAP will
be implemented within 90-days of submittal. If comments are received within 30 days, the Plan
will be resubmitted to Regional Board staff and the DAP will be implemented within 90-days of
submittal of a version of the Plan that does not receive comments from Regional Board staff.

2.3.6 Follow Up on Toxicity Testing Results

The MRP (page E-33) indicates the following actions should be taken when a toxicant or class of
toxicants is identified through a TIE:
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» The NSMBCW EWMP Group shall analyze for the toxicant(s) during the next scheduled
sampling event in the discharge from the outfall(s) upstream of the receiving water
location.

» If the toxicant is present in the discharge from the outfall at levels above the applicable
receiving water limitation, a toxicity reduction evaluation (TRE) will be performed for
that toxicant.

» The list of constituents monitored at outfalls identified in the CIMP will be modified
based on the results of the TIEs.

Monitoring for constituents identified based on the results of a TIE will occur as soon as feasible
following the completion of a successful TIE (i.e., the next monitoring event that is at least 45
days following the toxicity laboratory’s report transmitting the results of a successful TIE).

The requirements of the TREs will be met as part of the adaptive management process in the
NSMBCW EWMP rather than conducted via the CIMP. The identification and implementation
of control measures to address the causes of toxicity are tied to management of the stormwater
program, not the CIMP. It is expected that the requirements of TREs will only be conducted for
toxicants that are not already addressed by an existing Permit requirement (i.e., TMDLs) or
existing or planned management actions.

2.3.7 Summary of Aquatic Toxicity Monitoring

The approach to conducting aquatic toxicity monitoring as described in the previous sections is
summarized in detail in Figure C-2. The intent of the approach is to identify the cause of toxicity
observed in receiving water to the extent possible with the toxicity testing tools available,
thereby directing outfall monitoring for the pollutants causing toxicity with the ultimate goal of
supporting the development and implementation of management actions.
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Results from toxicity test with
sensitive species

Are the results comparable to
the acceptability criteria

Yes

Do the results exceed TIE
thresholds?

Yes

Conduct TIE

Persistent toxicity confirmed?

Yes

Cause(s) of toxicity ID?

Yes

Add to outfall monitoring,
continue receiving water toxicity
monitoring and incorporate
information into EWMP

No

No

No

No

Evaluate causes of test failure
and address before next event

No further action required
for this sample

No further action required
for this sample

Develop and implement Discharge
Assessment Plan, continue receiving
water toxicity monitoring and
incorporate information into EVWMP

Test failure includes pathogen or epibont interference, which should be addressed prior to the next toxicity sampling event.

For freshwater, the TIE threshold is equal to or greater than 50% (>50%) mortality in an acute (wet weather) or chronic (dry weather) test. If a
>50% effect in a sub-lethal endpoint for chronic test is observed during dry weather, a follow up sample will be collected within two weeks of the

completion of the initial sample collection. If the follow up sample exhibits a >50% effect, a TIE will be initiated.

For marine waters and estuarine waters, the TIE threshold is the percent effect value >50%. If a >50% or greater effect is observed during dry
weather a follow up sample will be collected within two weeks of the initial sample collection and if the follow up sample exhibits a >50% effect,

a TIE will be initiated.

The goal of conducting Phase I TIEs is to identify the cause of toxicity so that outfall monitoring can incorporate the toxicant(s) into the list of
constituents monitored during outfall monitoring. Thus, if specific toxicant(s) or the analytical class of toxicants (i.e., metals that are analyzed via
EPA Method 200.8) are identified, sufficient information is available to inform the addition of pollutants to the list of pollutants monitored during

outfall monitoring.

Figure C-2. Detailed Aquatic Toxicity Assessment Process
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2.3.8 List of Laboratories Conducting Analysis

The chosen laboratories will be able to meet the measurement quality objectives set forth in the
CIMP. Laboratories will meet California Environmental Laboratory Accreditation Program
(ELAP) and/or National Environmental Laboratory Accreditation Program (NELAP)
certifications and any data quality requirements specified in this document. Due to contracting
procedures and solicitation requirements, qualified laboratories have not yet been selected to
carry out the analytical responsibilities described in this CIMP. Selected laboratories will be
listed, per the example shown in Table C-3, along with lab certification information. Following
the completion of the first monitoring year, the pertinent laboratory specific information will be
included in the Integrated Monitoring Compliance Report Section of the Annual Report. At the
end of each subsequent monitoring year, the NSMBCW EWMP Group will assess the
laboratories performance and at that time a new laboratory may be chosen.

Table C-3. Summary of Laboratories Conducting Analysis for the NSMBCW CIMP

Laboratory” General Category of Analysis Lab Certification No. & Expiration Date®

Information for all laboratories will be added to this table following their selection and upon CIMP update.
Lab certifications are renewed on an annual basis.

2.3.8.1 Alternate Laboratories

In the event that the laboratories selected to perform analyses for the CIMP are unable to fulfill
data quality requirements outlined herein (e.g., due to instrument malfunction), alternate
laboratories will be selected to meet the same requirements that the primary labs have met. The
original laboratory selected may recommend a qualified laboratory to act as a substitute.
However, the final decision regarding alternate laboratory selection rests with the NSMBCW
EWMP Group.

2.4 Safety Considerations

Stormwater monitoring activities create hazardous conditions and safety is a primary concern.
Prior to the commencement of field monitoring activities, a project Health and Safety Plan
should be developed. The information in this SOP should be used as general guidance for
developing a Health and Safety Plan for field activities.

General hazardous conditions associated with sampling include:

e Hazardous weather conditions (e.g., wind, lightning, flooding, etc.)
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e Hazards associated with chemicals

e Biological hazards (e.g., rodents and snakes)

e Physical hazards (e.g., traffic, falling objects, sharp edges, slippery footing, and the
potential for lifting injuries from opening or removing access panels and manhole covers,
etc.)

e The CIMP monitoring program does not require sampling in confined spaces (e.g.,
manholes). If this were the case, the sampling team would need to be trained in and
follow confined spaced entry procedures.

Preparation and training of all sampling personnel will be completed before beginning any
sampling task. Extreme care will be taken to allow for safety precautions including proper
equipment and appropriate operational techniques, sufficient time to accomplish the task,
training on potential hazards, and emergency procedures. Sampling crews will consist of a
minimum of two people, though three is preferred.

If for any reason manual sample collection appears to be unsafe, samples will not be collected. If
possible, samples will be collected at a later time when conditions are safe. A throw rope will be
easily accessible in each truck cab and at the ready during manual sample collection if conditions
warrant.

Basic emergency precautions include having access to both local emergency phone numbers and
communication equipment (i.e., smart phones/cellular phones), and ensuring that personnel are
trained in first aid and carry first aid equipment.

2.4.1 Hazardous Weather Conditions

Common sense should dictate whether sampling should be conducted during adverse weather
conditions. No sampling personnel should place themselves in danger during high winds,
lightning storms, or flooding conditions which might be unsafe. Under extreme conditions, a less
hazardous storm event should be sampled.

2.4.2 Chemical Hazards

Sampling personnel can also be at risk of exposure to hazardous chemicals-either chemicals in
the actual stormwater discharge or the preservatives in some of the sample containers. Therefore,
direct contact with the bottle preservatives and the stormwater (if hazardous chemicals are
suspected to be present; pathogens which are biological hazards are also likely present in
stormwater) should be avoided. Sampling personnel should wear gloves and safety glasses to
avoid skin and eye exposure to harmful chemicals. Sampling personnel should be trained to
avoid exposure and instructed as to what to do if exposure occurs (e.g., flush the eyes, rinse the
skin, ventilate the area, etc.).
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Sampling personnel should keep Safety Data Sheets (SDS) (formerly Material Safety data
Sheets) readily available for all solutions used for field measurements and refer to them to ensure
that pH buffers or other chemicals are handled safely.

2.4.3 Biological Hazards

Stormwater sampling personnel may also encounter biological hazards such as rodents, snakes,
insects, and poison oak. The sampling crew should remain alert to these hazards. Monitoring
supplies for certain locations should include insect repellant and a first aid kit.

2.4.4 Physical Hazards

The sampling crew should be aware of a number of physical hazards that could cause accidents
at the sampling site. These hazards include traffic hazards, high or turbulent tidal conditions,
sharp edges, falling objects, slippery footing, and lifting injuries from removing manhole covers.
Sampling personnel should pay close attention in order to prevent these safety hazards at all
times.

If the monitoring activity encroaches on the public right of way, traffic cones, warning signs, and
barricades should be placed in appropriate places around the monitoring activities. The sampling
crew should wear a reflective safety vest in high-traffic areas.

Working in and around water bodies carries the inherent risk of drowning. Life jackets should be
worn when sampling in more than a few feet of water, or when sampling in swift currents.

2.5 Water Quality Sampling Procedures

The methods summarized below are for the collection and recording of samples needed to assess
water quality parameters. This includes manual composite and grab sampling techniques that
include using a depth integrated sampler or an intermediate sample container attached to a pole.
Alternatively, composite sample aliquots may be collected manually using a peristaltic pump or
portable autosampler.

Field measurements will be made for parameters that have the potential to change in transit
between the monitoring location and analytical laboratory. Detailed notes of all activities
conducted in the field will be kept in a site specific field logbook for eventual electronic database
entry and reporting purposes. All records made in the field and reported by the analytical
laboratory will follow the proper sample identification protocol and will be consistent with the
chain of custody form.

2.5.1 Outfall Composite Sample Aliquots

Wet weather outfall samples should be collected before the associated receiving water sample is
collected, at locations where paired outfall and receiving water locations exist.
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If necessary, a swing sampler equipped with a borosilicate glass or Teflon bottle will be used to
collect 6 time-weighted aliquots (i.e., filling swing sampler bottle as many times as required to
fill each of the sample containers by 1/6™ of the sample container volume). Refer to Section 2.1.1
for a discussion of time-weighted composite sample aliquot collection times. Sample aliquots
will be collected from the middle of the receiving water channel and a mid-water column depth
to the extent feasible. The same procedures for grab sample collection as stated in Section 2.5.3
for receiving water sampling will be conducted for the outfall sampling.

2.5.2 Receiving Water Composite Sample Aliquots

Receiving water sampling should be conducted after the outfall sampling is performed, where
paired outfall and receiving water locations exist.

Wet and dry weather receiving water sample collection will be conducted using a US DH-81
isokinetic depth-integrated sampler. An isokinetic depth-integrating sampler is designed to
accumulate a representative water sample continuously and isokinetic ally (meaning the stream
water approaching and entering the sampler intake does not change in velocity) from a vertical
section of a stream while transiting the vertical at a uniform rate. The sampler should have a
tetrafluoroethylene (TFE) nozzle and cap as these are appropriate materials for the collection of
samples for trace metals and organics analyses. The bottle used with the sampler will also be
made of TFE. The stainless steel wading rod used with the US DH-81A is available with or
without a covering of plastic heat-shrink tubing to help prevent contamination of samples for
trace metal analysis.

When using the US DH-81:

e Usea3/16-, 1/4-, or 5/16-in. nozzle.

e Make sure that the stream channel flow velocity exceeds 1.5 ft/s (~0.46 m/s) but does not
exceed 7.6 ft/s (~2.32 m/s) (to collect an isokinetic sample).

e Maximum depth of deployment must be within 15 ft (~4.6 m) if using a 3/16- or 1/4-in.
nozzle, and within 13.3 ft (~4 m) if using a 5/16-in. nozzle.

The US DH-81 will be used to collect 10 aliquots (i.e., filling the 1 L DH-81 bottle as many
times as required to fill each of the sample containers by 1/10™ of the sample container volume).
Implement the following procedures:

e Collect the sample as close to the middle of the receiving water channel as feasible, based
on safety considerations while wading.

e Lower and raise the sampler at a constant rate from the water surface to the bottom of the
stream channel. Care should be taken when touching the stream bottom so as not to
disturb loose sediment and bias the sample.
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e Do not overfill the sampler container. Overfilling results in a sample that is not isokinetic
and that could be enriched with heavy particulates because of secondary circulation of
water through the sampler (from nozzle through air exhaust). This enrichment will result
in an artificially increased sediment concentration and will bias particle-size distribution
toward heavier and larger particulates. In addition, do not underfill the sampler container
as this will result in a sample that is not isokinetic ally collected because the maximum
transit rate has been exceeded.

e Once the sampler clears the surface, sampling personnel should be careful not to tilt the
sampler forward so that the nozzle tilts down. If the container is nearly full, water could
run out of the container back through the nozzle and bias the sample.

e Additional information on sample collection procedures using the US DH-81 is included
in SOP Attachment D.1.

e US DH-81 sample collection will follow the “Clean Hands/Dirty Hands” procedures
outlined in Section 3.1.1.

2.5.3 Receiving Water and Outfall Grab Samples

Grab samples should be collected at approximately the same time as when the field
measurements are performed, ideally during peak flow conditions or at a minimum during the
rising limb of the hydrograph for wet weather samples.

The following grab samples cannot be collected using the US DH-81 sampler because these
parameters cannot be collected with intermediate sample containers:

e Oil and grease
e TPH

e Total phenols
e Bacteria

The above parameters should be collected directly into the sample bottles. Where practical,
samples collected by direct submersion will be collected mid-stream and mid-depth (with the
exception of oil and grease, which should be sampled from the surface). The bottles should
therefore not contain preservatives that could be lost when immersing the bottle in the receiving
water; therefore the sample bottles will be preserved immediately upon arrival at the laboratory.

Grab sample containers designated for volatile organic compound analysis will have zero
headspace.

2.5.4 Receiving Water and OQutfall Field Measurements

Field measurements will be performed for pH, dissolved oxygen, temperature, and specific
conductivity. If the field instrumentation malfunctions these parameters will be analyzed at the
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analytical laboratory. However, that may affect data quality due to a holding time issue. For
example, the holding time for pH analysis is 15 minutes, which is why pH should be measured in
the field. Field measurements should be performed during peak flow conditions, or at a
minimum, during the rising limb of the hydrograph for wet weather samples.

Field measurements will be performed as follows:

e Perform field measurements at the same time the grab samples are collected.

e Water temperature and dissolved oxygen must be measured directly within the water
body (in situ). Conductivity and pH are often measured in situ but may also be measured
in a subsample of a composite or grab sample.

e Take field measurements only with properly calibrated instruments. Calibration is
required at the field site for many, but not all, instruments and depends on the technology
employed by the instrument. Follow the manufacturer’s instructions about instrument
calibration.

e Review the instrument log book(s) before leaving for the field site to ensure that
problems previously encountered have been resolved and that the appropriate instrument
and site maintenance were performed.

e Backup instruments and batteries should be readily available and in good working
condition.

e Allow at least 60 seconds (or follow the manufacturer’s guidelines) for sensors to
equilibrate with sample water. Record the median of the final three or more readings as
the value to be reported for that measurement point.

e Check instrument precision and accuracy (variability and bias) periodically while at a
field site; precision and accuracy may vary, depending on the instrument used, sampling
conditions, and the expertise of personnel.

Detailed information about field instruments including required supplies, maintenance,
calibration, measurement, and troubleshooting is available from the USGS National Field
Manual for the Collection of Water-Quality. This information is included as Attachment D.2 of
this SOP.

2.5.5 Field Logbook

All visits to the sampling stations should be recorded in the site-specific logbook (such as a Rite-
in-the-Rain bound journal No. 390F). Logbook entries should include: names of personnel
performing the sample collection and field measurements; date and time for all measurements
recorded and sample aliquots/grabs collected, receiving water flow measurements; and tasks
performed while on site.
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The logbooks will be filled out with a blue or black indelible ballpoint pen. If recording in a
Rite-in-the-Rain logbook or on other water-resistant surface, an all-weather or bullet pen should
be used. Using a pencil is not acceptable. In addition, felt-tipped pens (for example, Sharpie®)
should not be used as their use could compromise the quality of data for samples for analysis of
volatile organic compounds.

2.5.6 Sample Identification Protocol

The sample identification naming convention for each wet and dry weather event will be as
follows in Table C-4.

Table C-4. Sample Identification Naming Convention

Location Coordinates
Station ID Sample Location® Sample Event ID
Type Latitude Longitude
NSMBCW-RW1 Receiving Trancas 34.03069 | -118.84167 NSMBCW-RW1-DATE (MM-DD-
Water Canyon YY)
NSMBCW-O1 Outfall Trancas 34.03141 | -118.84124 | NOMBCW-OI-DATE (MM-DD-
Canyon YY)
NSMBCW-RW?2 Receiving Malibu 34.03643 | -118.68379 NSMBCW-RW2-DATE (MM-DD-
Water Creek YY)
i BCW-02-DATE (MM-DD-
NSMBCW-02 Outfall Malibu =\ 3 03701 | -118.68396 | Mo BCW-0 (
Creek YY)
NSMBCW-RW3 Receiving Topanga 34.06402 | -118.58710 NSMBCW-RW3-DATE (MM-DD-
Water Creek YY)

In addition, field QA/QC samples including duplicate samples and field blank will be submitted
to the laboratory “blind”, which means these samples will be given fictitious IDs. For example,
the field duplicate collected at NSMBCW-RW3 could be named of the chain of custody form as
“NSMBCW-RW4-DATE”.

2.5.7 Chain of Custody Procedures

All samples will be submitted to the analytical laboratories under proper chain of custody (COC)
procedures. Sample custody must be traceable from the time of sample collection until results are
reported. A sample is considered under custody if the sample is:

e In actual possession.
e Inview after in physical possession.

® The receiving water and outfall monitoring locations are shown on Figure 2 of the CIMP, and descriptions of the
monitoring locations are provided in Appendix A of the CIMP.
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e Placed in a secure area (accessible by or under the scrutiny of authorized personnel only
after in possession).

The following special notes should be added to COC forms when applicable:

e Filter for all dissolved constituents immediately upon arrival at the laboratory (and properly
preserve the sample).

¢ Identify the sample for Matrix Spike (MS)/Matrix Spike Duplicate (MDS) analysis

e Preserve samples for oil and grease and TPH immediately upon arrival at the laboratory (these
bottles should not contain preservative which could be lost during the sampling process).

Example COCs provided by Weck and ABC laboratories are included in Attachment D.3.
2.6 Flow Estimation and Monitoring Methods

The permit requires flow monitoring for receiving waters and monitoring or estimation for
outfalls. Flow monitoring activities will be performed after the water quality samples are
collected, to minimize the potential for sample contamination from wading and other water
disturbance activities.

2.6.1 Outfalls

Depending on site conditions and safety, the appropriate field methodology for monitoring flow
will be selected. The following list includes the recommended flow monitoring methods (in order
of prioritization):

1. Continuous automated flow monitoring devices;
2. Portable area velocity flow meter; or
3. Recording the time required to fill a container of known volume.

If none of the aforementioned methodologies are suitable due to safety hazards or site conditions,
the flow will be estimated for stormwater outfall monitoring events using drainage area,
impervious cover, and precipitation data. Discharge from monitored outfalls will be
characterized in accordance with EPA flow estimation procedures in the NPDES Storm Water
Sampling Guidance Document (US EPA, 1992). The EWMP Group is responsible for
developing accurate drainage area and runoff coefficient information for each monitored outfall.

The US EPA provides an example in which rain gauge data are used to approximate flow rate
using a variation of the rational method to incorporate measured rainfall data (US EPA, 1992).
The general form of this equation gives flow rate (Q) in terms of rainfall intensity (i), drainage
area (A), and runoff coefficient (C)

Classic Rational Method: Q =CXxXi xA
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A simple example calculation is shown below for a drainage area less than 40 acres.

Site Characteristics:
Drainage Area (A): 31.5 Acres

Runoff Coefficient (C): 0.21 for low-density single family residential (per LA
Hydrology Manual)

Rainfall Characteristics:
Total Rainfall Depth for Storm Event: 0.4 inches

Measured 15-minute Rainfall Intensity: 0.12 inches

I [ Flow R — 021 x A2, 0N o 5 ac =32
ncremental Flow Rate (Q) = 0. XlSminx The X 31.5ac=32cfs

The incremental flow rate will be calculated for each collected sample, based on the hourly
rainfall intensity for the hour preceding the sample collection (e.g., a sample collected at 8:30
will rely on the hourly rainfall total recorded between 7:30 and 8:30).

Similarly, the runoff volume can be estimated using rainfall data. The following example uses
the catchment and rainfall data to approximate discharge volume:

1ft
Total Runof f Volume = 0.21 X 0.4 in X 12 in X 31.5ac=0.221ac ft

2.6.2 Receiving Waters

2.6.2.1 Gauged Location

County stream gauge data will be used for reporting flow for the Topanga Creek (NSMBCW-
RW?3) location (Station No. F54C-R on Topanga Creek). The measurements are of continuous
water stage from which flow rates are calculated using calibrate stage-discharge (or rating curve)
relationships. Flow data will be downloaded for each monitoring event for reporting purposes.

2.6.2.2 Ungauged Location

The other two receiving water monitoring locations are not located in close proximity to stream
gauges. Flow will be measured at these locations in accordance with the methods outlined in the
USGS Techniques of Water-Resources Investigations, Chapter A8, Discharge Measurements at
Gaging Stations, specifically, the midsection current meter method. A current-meter
measurement is the summation of the products of the partial areas of the stream cross section and
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their respective average velocities. The general formula for calculating total discharge (Q) is
given by:

Q=2 (av)

Where « is an individual partial cross section area, and v is the corresponding mean velocity of
the flow normal to the partial area. The midsection method for taking current meter measurement
assumes that the velocity sample at each location represents the mean velocity in a partial
rectangular area. This area extends laterally from half the distance from the preceding meter
location to half the distance to the next, and vertically from the sounded depth to the water
surface.

The cross section is defined by depths at locations 1, 2, 3, 4...n. At each location the velocities
are measured using current meter to obtain the mean of the vertical distribution of velocity. The
partial discharge is computed for any partial section at location x as:

by— b, b -b
4 = vy [( x 2(x 1)) n ( (x+12) x) ] dx _

(bx+1)~ b(x-1))
Vx [ 2 ] s

where:

qQx= discharge through partial section x,
Vx= mean velocity at location x,

bx = distance from initial point to location x

bx-1) = distance from initial point to preceding location,
bx-1)= distance from initial point to next location,

dx= depth of water at location x

Figure C-3 graphically illustrates the midsection discharge measurement method (source: USGS
Techniques of the Water Resources Investigations, Book 9: Handbooks for Water-Resources
Investigations Chapter AS).
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Figure C-3: Illustration of Midsection Discharge Measurement Method

Measurements are to be made with a current meter and top setting wading rod. An instrument
such as a Hach handheld meter FH950 could be used for this purpose. A data sheet to be used to
record the flow measurement data is included in Attachment D.4. For NSMBCW-RW2, if
conditions dictate that flow cannot safely or reasonably be measured manually, flows will be
reported from the upstream USGS stream gauge.

3 QUALITY ASSURANCE/QUALITY CONTROL
3.1 Clean Sampling Techniques

The primary driver for use of Clean Sampling Techniques is the trace metals analysis. Due to the
analytical practical quantitation limits required for trace metals, and the potential for improper
sampling techniques (including exposure from the ambient environment) to result in sample
contamination at levels detectable by the analytical accuracy of the method, Clean Sampling
Techniques will be used during the collection of samples for trace metals analyses. Moreover,
because a sampling apparatus (US DH-81 or Swing Sampler) will be used to collect composite
sample aliquots for all of the monitoring program parameters, the sampling equipment will be
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properly cleaned by the laboratory (see Sections 3.5.3 and 3.5.4) and dedicated sampling
equipment is required for each site. The sampling equipment will also be properly stored at the
field site in between sample aliquot collection in accordance with Clean Sampling Techniques.
In terms of handling sample containers, only bottles designated for total and dissolved metals
analyses need to be handled following the “Clean Hands/Dirty Hands” procedure outlined below.

There are numerous routes by which samples may become contaminated with trace metals.
Potential sources of trace metals contamination during sampling include metallic or metal-
containing sampling equipment, containers, labware (e.g. talc gloves that contain high levels of
zinc), reagents, and deionized water; improperly cleaned and stored equipment, labware, and
reagents; and atmospheric inputs (dirt and dust from automobile exhaust, cigarette smoke, nearby
roads, corroded or rusted bridges, wires, and poles). Even human contact can be a source of trace
metals contamination (e.g., mercury amalgam fillings). The following materials have been found
to contain trace metals and therefore should not be used to hold liquids that come in contact with
the sample or must not contact the sample, unless these materials have been shown to be free of
the metals of interest at the desired level:

e Pyrex

e Kimax,

e Methacrylate

e Polyvinylchloride

e Nylon,

e Vycor

e Materials incidental to sampling containers, such as highly colored plastics, paper cap
liners, pigments used to mark increments on plastics, and rubber.

Whenever possible, the sampling activity should occur as far as possible from sources of
airborne contamination. Areas where nearby soil is bare and subject to wind erosion should be
avoided to the extent feasible.

All sampling equipment and sample containers used for metals determinations will be
nonmetallic and free from any material that may contain metals. Sampling personnel are required
to wear clean, non-talc gloves at all times when handling sampling equipment and sample
containers. Personnel should avoid hand contact with contaminating surfaces (such as
equipment, coins, food).

3.1.1 Clean Hands/Dirty Hands Procedures

Upon arrival at the sampling site, a member of the sampling team will designated as “Dirty
Hands” (DHI1) and another member will be designated as “Clean Hands” (CH); if available, a
third member will be designated as DH2. All operations involving contact with the sample bottle
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will be handled by CH. DH1 (and DH2, if available) will be responsible for unsealing outer
plastic bags and operating the sampling equipment (avoiding contact with the cleaned parts and
the sample bottle for the DH-81 and the Swing Sampler bottle), and for all other activities that do
not involve direct contact with the sample (e.g., opening coolers, calibrating field instruments).

The sampling team will attempt to approach the site from down current and downwind to prevent
contamination of the sample by particles sloughing off the equipment. If it is not possible to
approach from both, the site will be approached from downwind.

Sampling personnel will implement the following “Clean Hands/Dirty Hands” procedures:

1. At the site, all sampling personnel will put on clean gloves before commencing sample
collection activity.

2. “Dirty Hands" will open the cooler or storage container, remove the double-bagged
sampling equipment from storage, and unzip the outer bag.

3. Next, "Clean Hands" will open the inside bag containing the portion of the DH-81
sampler in contract with the sample bottle, or the sample bottle for the Swing Sampler,
remove the DH-81/bottles, and reseal the inside bag. "Dirty Hands" will then reseal the
outer bag.

4. "Clean Hands" will unscrew the bottle cap and, while holding the cap upside down,
discard the dilute acid solution from the bottle into a carboy for wastes.

5. “Dirty Hands” will operate the DH-81 and Swing Sampler, making sure to not come into
contact with the laboratory-cleaned portions of the DH-81 or the sample bottles. DH will
discard an initial sample aliquot to rinse the bottle, then proceed to fill the sample
bottle(s).

6. Collection of Non-Metallic Constituents: Dirty Hands will unscrew the bottle caps for all
containers except for the metals containers. Dirty Hands will pour an aliquot from the
DH-81 or Swing Sampler bottle into each sample container. Dirty Hands will not touch
the DH-81 or Swing Sampler bottle (Clean Hands will provide assistance as needed.)

7. Collection of Samples for Metals Analysis: Sample bottles designated for metals analysis
will be double-bagged at the analytical laboratory. Dirty Hands will open the outer bag.
Clean Hands will open the inside bag and remove the sample bottle and uncap the lid.
Dirty Hands will pour the sample aliquot into the metals bottle. Clean Hands will screw
the cap on the bottle and place the bottle back in the inner bag and seal the inner bag.
Dirty Hands will seal the outer bag. (Note that the sample label cannot contact the sample
bottle and should be placed on the outer bag.)

8. All parties will change gloves for the collection of each sample aliquot. Wearing multiple
layers of gloves allows rapid glove changes.
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9. If additional sample aliquots are required, the DH-81 bottle and Swing Sample bottle will
be rinsed with the laboratory-provided deionized water and placed back in the plastic
double bag following CH/DH procedures.

10. If the sampler will not be reused during a field trip, the sampler components will be
rinsed with laboratory-provided deionized water before they dry and placed into a plastic
bag for transporting to the office laboratory to be cleaned for the next sampling event.

3.2 Quality Control Requirements for Field Measurements

Quality control requirements for field measurements are summarized below in Table C-5. These
requirements are adapted from the State Water Boards’ Surface Water Ambient Monitoring
Program Requirements.

Table C-5. Field Measurement Quality Control Requirements

Parameter Dissolved Oxygen pH Specific Conductance Temperature
Field measurement using | Field measurement using Field measurement .
. . . Field measurement
. approved method (i.e., approved method (i.e., using approved method .
Analytical . . . using approved method
Method membrane electrode electrometric [EPA 150.2], (i.e., conductivity (i.c.. thermometer [SM
etho method [SM 4500 0 G] | potentiometric [SM 4500 | meter [EPA 120.1]or | oo )
. . . 2550 B] or equivalent)
or equivalent) H B], or equivalent) equivalent)

Units mg/L pH puS/cm °C
Resolution 0.01 0.01 1 0.1
Instrument +0.2 +0.2 +0.5% +0.15

Accuracy
P01.nts p.er 1 2 Per manufacturer Per manufacturer
Calibration

Before every monitoring

Pre-Sampling day on-site (re-calibrate

alibration . .
c Cllzecklo if change of elevation is Per manufacturer Per manufacturer Per manufacturer
>500 m or barometric
Frequency

pressure > 2 mm Hg)

Post-Sampling
Calibration After every monitoring

Check day (within 24 hours) Per manufacturer Per manufacturer Per manufacturer
Frequency
Allowable Drift +0.5 or 10% +0.2 units +10% +0.5

3.3 Matrix Spike/Matrix Spike Duplicate (MS/MSD)

The monitoring program goal is to collect one MS/MSD per sampling event (the MS/MSD can
be either an outfall or receiving water sample). Whether the MS/MSD analysis is feasible using a
project sample depends on the practicability of obtaining the additional sample volume required
for the MS/MSD analysis (see Table C-1).
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The laboratory will analyze a non-project sample for MS/MSD with the project batch if
sufficient sample volume is not collected; MS/MSD results for a non-project sample will not be
used in the QA/QC evaluation of project samples.

3.4 Field Duplicate

Field duplicates will be collected at a frequency of one duplicate per year for wet weather events
and one duplicate per year for dry weather events (for a total of two field duplicates per year).
For each time-weighted aliquot, the field duplicate will be collected immediately after the aliquot
is collected. The field duplicate will be analyzed for all monitoring parameters required at the
specific site selected. Field duplicates will be submitted to the laboratory as “blind” samples.

3.5 Field Equipment Blanks

Field equipment blanks will be collected at a frequency of once per year for the purposes of
evaluating sample contamination from the monitoring equipment and procedures. One blank will
be collected for the DH-81 assembly and one blank will be collected for the Swing Sampler. The
field blank will consist of by filling a large carboy or other appropriate container with reagent
water in the laboratory, transporting the filled container to the sampling site, processing the water
through the normal sampling steps (e.g., immersing the DH-81 or Swing Sampler bottle in the
carboy) including implementing CH/DH sampling protocols.

Field equipment blanks will only be analyzed for trace metals, PCBs and DDTs, and any other
constituents detected at less than one order of magnitude above the analytical practical
quantitation limit. Therefore, the field equipment blanks should be collected after the data from
the first storm event sampled have been evaluated.

3.5.1 Trip Blank

Trip blanks are provided by the laboratory and should be placed in coolers containing samples
designated for volatile organic compound analysis, which for the monitoring program are only
MTBE and EPA 624 constituents.

3.5.2 Bottle Blanks

Bottle blanks will be performed at the analytical laboratory by analyzing reagent water poured
into the cleaned DH-81 and Swing Sampler bottle. Bottle blanks will be performed by the
laboratory once per year and analyses for trace metals and PCBs/DDTs.

3.5.3 Sampling Equipment Cleaning Procedures

Whenever possible, sampling devices should be cleaned and prepared for field use in a class 100
clean room. The laboratory will implement the following steps for cleaning the US DH-81
sampler prior to each use:
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3.5.4

1. Disassemble the DH-81 (making sure that the nozzle is unscrewed from the cap) and
soak components in detergent solution for 30 minutes. Put on appropriate disposable,
powderless gloves. Scrub components with a soft brush or sponge and rinse
thoroughly. Change gloves.

2. Soak each nonmetallic component in a 5-percent trace-metal-grade HCI solution for
30 minutes, followed by copious rinsing with deionized water. Acid rinse only
nonmetal parts (acid must not contact the metal collar on the DH-81 sampler).
Change gloves.

3. Do not rinse the DH-81 with methanol when samples will be analyzed for total
organic carbon (TOC); use of methanol could result in false positive detections.

4. Reassemble the sampler. Place the sampler into double plastic bags and seal for
storage and transport.

Laboratory Sample Bottle Cleaning Procedures

US DH-81 and Swing Sampler bottle cleaning will be performed following US EPA cleaning
procedures for trace elements (USEPA, 1996a):

1.

Fill a precleaned basin with a sufficient quantity of a 0.5% solution of liquid detergent
(alkaline Detergent such as Liquinox, Alconox, or equivalent.), and completely immerse
the bottle. Allow to soak in the detergent for at least 30 minutes.

Using a pair of clean gloves and clean nonmetallic brushes, thoroughly scrub down all
materials with the detergent.

Place the scrubbed materials in a precleaned basin. Change gloves.

Thoroughly rinse the inside and outside of each piece with reagent water until there is no
sign of detergent residue (e.g., until all soap bubbles disappear).

After soaking, use clean gloves and tongs to remove the bottle and thoroughly rinse with
distilled, deionized water.

Change gloves and immerse the bottle in a hot (50-60°C) bath of 1 N trace metal grade
HCI, and allow to soak for at least 48 hours. Then thoroughly rinse the bottle with reagent
water.

Fill the bottle with a weak acid solution (0.1% (v/v) ultrapure HCI).

Double-bag the bottle in a polyethylene bag to prevent contamination of the surfaces with
dust and dirt. Store at room temperature until sample collection.

Perform a bottle blank after the first bottle cleaning procedure of the year.
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US DH-81 Depth integrating suspended hand line sampler

HIF/FISP Part # 4107002 OFA Price: $87.00*/Each

*Pricing may change due to manufacturer reordering, please call the HIF at (800) 382—0634@ ext. 83271 for final pricing
and ordering.

The US DH-81 is depth-integrating suspended-sediment and water-quality sampler fabricated
using parts from other FISP approved suspended-sediment samplers. It meets the protocols for
water-quality sampling as outlined in the USGS’s National Field Manual for the Collection of
Water-Quality Data7. The US DH-81A is a plastic adapter with a threaded insert that accepts a
1/2-in diameter wading rod and is used with a variety of caps, nozzles, and containers to
assemble a hand-held sediment sampler designated as the US DH-81. The US DH-81A will
accept a plastic US D-77 cap or a US D-95 tetrafluoroethylene (TFE) cap. The US D-77 cap is
threaded to accept a container with Mason jar threads. The US D-95 cap is threaded to accept a
1-liter fluorinated ethylene propylene (FEP) bottle. US D-77 plastic and TFE nozzles with internal
diameters of 3/16, 1/4, and 5/16 in can be used with the US D-77 and US D-95 caps. The
metal wading rod used with the US DH-81A is covered with plastic heat-shrink tubing to help
prevent contamination of samples for trace metal analysis in water-quality sampling.

The US DH-81 sampler will collect samples at an acceptable inflow efficiency in stream velocities
ranging from 2.0 to 6.2 ft/sec with a 3/16-in nozzle, 1.5 to 7.6 ft/sec with a 1/4-in nozzle, and
2.0 to 7.0 ft/sec with a 5/16-in nozzle. Based on the recommended maximum volume of 800 ml
the US DH-81 sampler will collect samples to a maximum recommended depth of 12 ft. The
sampler can be used to a depth of 15 ft by collecting up to 1 liter of sample. To sample depths
greater than can be waded, wading rod extensions in 1- and 3-ft lengths can be added to the
sampler. With the extensions, the sampler can be deployed from a low bridge or boat. The
unsampled zone using the US DH-81 is 4 in.

Applications: To assemble a DH-81A Sampler for measuring sediment, the following stock
numbers must be ordered: HIF Stk. Nos. 4107020 (Bottle), 4107034 (Plastic Cap), 4107084
(3/16” Nozzle), or 4107085 (1/4” Nozzle), or 4107086 (5/16” Nozzle), and 4107131 (Wading
Rod).

For Water-Quality sampling, the following stock numbers must be ordered: HIF Stk. Nos.
4107021 (Bottle), 4107036 (Nozzle Holder), 4107087 (3/16” Nozzle) or 4107088 (1/4” TFE Nozzle) or 4107089 (5/16” TFE Nozzle),
and 4107131 (Wading Rod).

http://water.usgs.gov/fisp/products/4107002.html[4/15/2014 5:44:52 PM]
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USGS Federal Interagency Sedimentation Project

LA Product Name Aol i For Use With Short Description

Stk. No. No.

4107002 |US DH-81 Adapter P/N 002010 |DH-81 2-1/8" W x 4-3/8" L. Wt: 2 oz.
4107020 [1-L Heavy Grade Bottle P/N 002040 |DH-81

4107021 1-L TFE Bottle P/N 002050 |D-95, DH-81 Fits directly to the US D-95 Cap

4107034 | Plastic Nozzle Holder Cap | P/N 002390 |DH-81, DH-95, D-96
4107036 |Nozzle Holder Cap, TFE P/N 001365 |D-77, DH-81, DH-95, |Attaches directly to the 1-liter Teflon bottle (HIF/FISP Stk. #4107021)
D-95 D-95
4107084 |3/16” White Plastic Nozzle |P/N 002270 |DH-81, D-95, DH-95 |Not for use in applications that require acid rinsing
4107085 | 1/4” White Plastic Nozzle P/N 002280 |DH-81, D-95, DH-95
4107086 | 5/16" White Plastic Nozzle | P/N 002290 |DH-81, D-95, DH-95

4107087 |3/16" TFE Nozzle P/N 002310 |DH-81, D-95, DH-95

4107088 |[1/4" TFE Nozzle P/N 002320 |[DH-81, D-95, DH-55

4107089 |5/16" TFE Nozzle P/N 002330 |DH-81, D-95, DH-95

4107131 3’ Wading Red (Plastic Cov- | P/N 002071 Red is designated as a handle for hand-held suspended sediment
ered) with Plastic Grip samplers. Made of plastic-covered stainless steel. 1/2" dia. x 3’ L

(rod). Wt: 3 Ibs.

Where and how the sampler is deployed in the field is as important as the fundamental design of the sampler. Additional information
about how to properly use this sampler can be found in the following references:

Techni

Operation instructions are given in Instructions for DH-81.

Associated Components

4107012 BASKET, WIRE (002720), PINT. FOR FIELD USE

4107022 BOTTLES, MILK, PINT, 24 PER CASE

4107062 HANGER BAR & PIN, TYPE 2

4107104 NOZZLE, 1/4, RED, PLASTIC (2635) FOR DH-59 AND DH-76

USGS Home Water Resources Biology Geography Geology Geospatial
Accessibility FOIA Privacy Policies and Notices

U.S. Department of the Interior | U.S. Geological Survey
URL: http://water.usgs.gov/fisp/products/4107002.html

Page Contact Information: USGS Office of Surface Water
Page Last Modified: Friday, 28-Feb-2014 11:23:47 EST

http://water.usgs.gov/fisp/products/4107002.html1[4/15/2014 5:44:52 PM]


http://www.takepride.gov/
http://usa.gov/
http://pubs.usgs.gov/twri/twri3-c2/
http://pubs.usgs.gov/twri/twri3-c2/
http://water.usgs.gov/fisp/docs/Instructions_US_DH-81_010612.pdf
http://water.usgs.gov/fisp/products/4107012.html
http://water.usgs.gov/fisp/products/4107022.html
http://water.usgs.gov/fisp/products/4107062.html
http://water.usgs.gov/fisp/products/4107104.html
http://www.usgs.gov/
http://water.usgs.gov/
http://biology.usgs.gov/
http://geography.usgs.gov/
http://geology.usgs.gov/
http://www.usgs.gov/ngpo/
http://www.usgs.gov/laws/accessibility.html
http://www.usgs.gov/foia/
http://www.usgs.gov/laws/privacy.html
http://www.usgs.gov/laws/policies_notices.html
http://www.doi.gov/
http://www.usgs.gov/
http://water.usgs.gov/cgi-bin/feedback_form?osw_webmaster-+OSW+Online+Feedback+Form

Operator’s Manual for the US DH-81 Depth-Integrating
Suspended-Sediment Sampler

Characteristics

Description: The US DH-81 is not a specific sampler in the sense of other Federal Interagency
Sedimentation Project (FISP) depth-integrating suspended-sediment samplers. The US DH-81A
is a plastic adapter with a threaded insert, which accepts a 1/2-inch (in) wading rod and is used
with a variety of caps, nozzles, and containers to assemble a hand-held sediment sampler
designated as the US DH-81. The US DH-81A will accept a plastic or perfluroalkozy (PFA) US
D-77 cap or a US D-95™ Cap which is made of tetrafluoroethylene (TFE). The US D-77 cap is
threaded to accept any container with Mason jar threads. The US D-95™ Cap is threaded to
accept a 1-liter (L) fluorinated ethylene propylene (FEP) bottle. US D-77 plastic and TFE
nozzles with internal diameters of 3/16, 1/4, and 5/16 in can be used with the US D-77 and US
D-95™ Caps. The stainless steel wading rod used with the US DH-81A is available with or
without a covering of plastic heat-shrink tubing to help prevent contamination of samples for
trace metal analysis in water-quality sampling. An assembled US DH-81 sampler is shown in
figure 1.

Container: US D-77 caps are threaded to accept any container with Mason jar threads,
including containers with volume capacities up to several liters and containers made of glass.
However, FISP only recommends the use of plastic or FEP 1-L bottles in the US DH-81 sampler.
The sampler is difficult to use with large volume containers such as a 3-L bottle. The difficulty
is in trying to submerge such a large volume of air by hand. Doing so is analogous to pushing a
soccer ball underwater by hand. Maintaining a correct transit rate with the large volume
container is difficult due to the compression rate of the large air volume. Use of a large volume
container with the US DH-81 sampler results in a large unsampled zone compared with the 1-L
bottle, which is especially important in shallow wadable streams. FISP recommends that glass
containers not be used with the US DH-81 sampler. The container is completely unprotected in a
US DH-81 and glass containers break easily when accidentally mishandled in streams with rocks
and cobbles. If a glass container must be used, extreme caution should be exercised when
touching the stream bottom during a transit.

Several cap/bottle combinations can be used to configure a US DH-81 sampler (figure 2). The 1-
L plastic bottle has Mason jar threads and may be used with either the plastic or PFA US D-77
cap. Normally a plastic bottle would not be used with a PFA cap. However, in the event that a
user had a PFA cap in hand and needed to take samples that did not require the use of the more
expensive FEP bottle, a plastic bottle could be used. Use of a 1-L FEP bottle with a PFA US D-
77 cap requires a 1-L bottle adapter (figure 3) because the FEP bottle does not have Mason jar
threads. However, the US D-95™ Cap is designed to accept the 1-L FEP bottle directly. If use
of a US DH-81 sampler is required for a sampling program, the user may contact FISP to
determine the appropriate combination, especially if some of the parts are already in-hand. Table
1 presents cap/bottle combinations. Table 2 gives FISP part numbers for US DH-81 sampler
equipment parts.

Federal Interagency Sedimentation Project 1



Sampler function: When the sampler is submerged with the nozzle pointing into the flow, the
water-sediment mixture flows through the nozzle into the bottle, forcing air to exhaust through
the air vent hole in the cap. A continuous stream filament is discharged into the sample
container during the entire time of submergence.

Limitations

Velocity limitations: The US DH-81 sampler will collect flow-weighted samples at acceptable
inflow efficiency in stream velocities from 2.0 to 6.2 feet per second (ft/sec) with a 3/16-in
nozzle, 1.5 to 7.6 ft/sec with a 1/4-in nozzle, and 2.0 to 7.0 ft/sec with a 5/16-in nozzle. Inflow
efficiency is defined as the ratio of the water-sediment velocity entering the nozzle to the
ambient stream velocity. An inflow efficiency of 1.0 is referred to as isokinetic. An acceptable
inflow efficiency has been determined to be 0.9 to 1.1.

Volume limitation: Although the US DH-81 sampler uses a 1-L bottle, it is recommended that
the sample volume collected not exceed approximately 800 milliliters (mL). The nozzle is
horizontal when the sampler is in the stream collecting a sample. If the sampler is filled to
approximately 1-L, the level of the sample in the container is near the bottom of the nozzle. If
the rear of the nozzle becomes submerged by the water in the sample container, the inflow
velocity will be reduced and the sediment concentration may no longer reflect the ambient
suspended-sediment concentration.

Depth limitation: Based on the recommended maximum volume of 800 mL, the US DH-81
sampler will collect flow-weighted samples to a maximum recommended depth of 12 feet (ft) at
sea level. The sampler can be used to a depth of 15 ft at sea level by collecting up to 1-L of
sample. To sample to depths greater than can be waded, wading rod extensions in 1- and 3-ft
lengths can be added to the sampler. With the extensions, the sampler can be deployed from a
low bridge or boat.

A maximum safe wading depth depends on the size of the user, the stream velocity, and the
streambed material. Each user should know and strictly adhere to his/her personal wading
limitation. A wading factor can be determined by multiplying the depth (ft) of the stream by the
stream velocity (ft/sec). As a general guide, a stream condition that produces a factor of 10 or
greater should not be waded. Caution should always be used when wading streams deeper than 3
ft. Additional caution should be used when the streambed is composed of loose or slippery
material. Algae-coated cobbles can be as slippery and as dangerous as ice. A personal flotation
device should always be worn when wading (USGS WRD Memo 99.32). Additional safety
information on wading is available in S.R. Abt, et. al., Human Stability in a High Flood Hazard
Zone, American Water Resources Association, Water Resources Bulletin, V.25, no. 4, 1989, pp.
881-889.

Unsampled zone: The unsampled zone is the distance between the nozzle and the streambed at
the lowest point to which the sampler is lowered. If the sampler is allowed to touch the
streambed, the unsampled zone is the distance between the nozzle and the bottom of the sampler,
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which in the case of the US DH-81 sampler is the bottom of the container. The unsampled zone
for the US DH-81 sampler with a 1-L bottle is approximately 4 in. The unsampled zone for
other containers must be determined by the user.

Transit rate limitation: The transit rate (R) is the speed of lowering and raising the sampler in
the stream vertical. Transit rate diagrams for various combinations of the US DH-81 sampler are
presented in figures 4-12. The dark blue shaded area shows the transit rate for the recommended
volume of 800 mL, and the light blue shaded area shows the transit rate for the maximum
acceptable volume of 1000 mL. Table 3 gives the filling time to collect 800 mL of sample at
various velocities using the three available nozzle intake diameters. The following factors
should be considered when selecting a transit rate:

R must be fast enough so the bottle is not overfilled.

R; must be slow enough to obtain a sample of sufficient volume for analysis.

R must not exceed the approach angle limit (0.4 times the mean stream velocity).
R; must be slow enough to not exceed the compression rate limit.

P

Instruction for use of the US DH-81 sampler

Cap modification: US D-77 plastic and PFA caps are molded with four locking “lugs” on the
outside of the rear of the cap (figure 13). The lugs are located at the 12:00, 3:00, 6:00, and 9:00
o’clock positions. The top lug (12:00 o’clock position) must be removed before the cap will fit
into the US DH-81A. FISP removes the lug prior to shipment to a user. However, some caps
that have the top lug may be still in the field. If so, it must be removed prior to use in the US
DH-81A. It can be removed easily with a utility knife.

In 1994, the US D-77 cap mold was modified so that four longitudinal “ribs” are molded on the
angled face of the cap and are located at the 12:00, 3:00, 6:00, and 9:00 o’clock positions (figure
13). All four ribs on the angled face of the plastic cap must be removed prior to use in the US
DH-81A. The ribs should not be removed from the PFA cap prior to use in the US DH-81A.
These modifications are required because of the difference in shrinkage between plastic and PFA
in the molding process. PFA shrinks more than plastic, so the ribs are needed to ensure that the
PFA cap is tightly secured in the US DH-81A. The plastic cap does not need the ribs to be
secured properly. FISP removes the ribs on plastic caps before shipment to a user. However, if
the user has a plastic cap that has the ribs, they must be removed prior to use in the US DH-81A.
The ribs can be removed with a utility knife. PFA caps molded prior to 1994 that do not have
the ribs on the angled face require other modifications prior to use in the US DH-81A. FISP
should be contacted for proper modification instructions for these early production caps.

The US D-95™ Cap requires no modification prior to use in the US DH-81A.
Inspection: The cap should be inspected for proper lug and rib configuration. The vent hole

(figure 13) should be clear and unobstructed. The user should never make modifications to the
vent hole. The threads in the nozzle hole should be checked for stripping and obstructions. The
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threads can be chased with a 9/16-18 NF threading tap. The cap should be checked for cracks.
A cracked cap should be discarded.

The US DH-81A should be checked for cracks. A damaged part should be discarded. The
threaded aluminum insert that accepts the wading rod should be inspected. Damaged threads can
be chased with a 3/8-20 NS threading tap. The US DH-81A should never be acid rinsed. Doing
so will lead to corrosion of the metal insert.

Nozzles should be inspected for any visible damage. Nozzles with any deformation around the
intake should be discarded. The nozzle bore should be checked for any burrs or roughness.
Nozzles with bore damage should be discarded. The threads on the nozzle should be checked for
damage. Damaged threads can be chased with a 9/16-18 NF threading die. Plastic nozzles
should not be used when an acid rinse is required in the sampling protocol. Use only TFE
nozzles when an acid rinse is required. All plastic US D-77 nozzles produced after May 2000
have a red identification ring.

The wading rod and any wading rod extensions should be checked for damage to the screw
threads. If damaged, the threads can be chased with a 3/8-20 NS threading die. The female
threads of wading rod extensions can be chased with a 3/8-20 NS threading tap. Attempting to
mate a wading rod with damaged threads to a US DH-81A can damage the threads in the
aluminum insert in the US DH-81A (figure 14). Plastic coated wading rods and extensions
should be checked for damage to the plastic coating. Damaged coverings should be replaced
with high quality 1/2-in diameter clear heat shrink tubing.

Sampler assembly: The selected cap should be inserted into the US DH-81A. The US DH-81A
is designed with three semi-circular slots (figure 14) in the rear that accepts the three locking
lugs on the cap. The cap will fit into the US DH-81A only one way. Once inserted, the cap
should be rotated clockwise (viewed from the rear) until it is firmly seated. When correctly
assembled, the vent hole in the cap should be in line with the wading rod receptacle. The nozzle
can now be threaded into the cap. It should be hand-tightened only. Pliers or wrenches should
not be used, as they may damage the nozzle. The wading rod and any extensions are
subsequently attached. Lastly, the appropriate bottle is threaded into the cap.

Sampling: Detailed instructions for suspended-sediment sampling are contained in Edwards and
Glysson’s Field Methods for Measurement of Fluvial Sediment, Techniques of Water-Resources
Investigations of the US Geological Survey, Book 3 Applications of Hydraulics Chapter C2,
1999, pages 35-70. Detailed instructions for water-quality sampling are contained in the
National Field Manual for the Collection of Water-Quality Data, Techniques of Water-Resources
Investigations of the U.S. Geological Survey, Book 9, Chapter A4, Collection of Water Samples,
1999, pages 25-48. Prior to collecting a sample, measure or estimate the mean velocity at each
stream vertical. When using the equal-discharge-increment (EDI) technique, an approximately
equal volume of sample should be collected at each stream vertical if the samples are composited
prior to analysis. A transit rate can be determined from the information presented in table 3.
First, locate the velocity in the first column of the table; then find the corresponding time to
collect 800 mL of sample for the nozzle size being used. To determine the transit rate, multiply
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the stream depth at the sampling vertical by 2 and divide by the sampling time. The result is the
transit rate in ft/sec.

Example:
Mean velocity in the sampling vertical = 4.0 ft/sec
Sampling time for 3/16-in nozzle = 37 (sec Table 3)
Depth at sampling vertical = 3.0 ft
Transit rate =2 x (3 ft) + (37 sec) = 0.16 ft/sec

With the EDI method, the transit rate at each vertical will be dependent upon the depth and mean
velocity at that vertical. To determine a transit rate for a volume less than 800 mL, divide 800 by
the desired volume, then multiply the transit rate as determined for 800 mL. For the above
example, the transit rate to collect 400 mL would be 800 + 400 x 0.16 or 0.32 ft/sec.

Sampling using the Equal-Width-Increment (EWI) method requires the user to maintain a
consistent transit rate in every vertical in the stream cross-section. The user should determine the
mean stream velocity and the deepest sampling depth in the cross-section. Find the transit rate
diagram for the container and nozzle being used. Apply the velocity and depth information to
determine a proper transit rate.

Example:
Mean stream velocity = 3 ft/sec
Maximum depth in sampling vertical = 2.5 ft
Container: 1-liter plastic
Nozzle: 3/16 in diameter plastic
Use transit rate diagram in figure 5
Find 2.5 ft depth on Y-axis, move horizontally to middle of “Recommended” zone
Move vertically to intersect the X-axis and read the “Transit Rate Divided by Mean
Velocity”, 0.1 for this example
Multiply 0.1 times the mean velocity, 0.1 x 3 ft/sec = 0.3 ft/sec
The transit rate is 0.3 ft/sec and should be maintained at every vertical

When wading a stream to collect a sample, the user should minimize flow resistance and
maximize stability. By turning sideways, the force of the water against the body that would push
the user downstream can be minimized. Slightly bending the upstream knee and leaning into the
flow will increase stability. The sampler should be held away from the body and as far upstream
as possible. The wading rod should be held vertically with the sampler nozzle horizontal and
pointing upstream. Figure 15 shows a proper position for sampling. Begin the transit with the
sampler above the surface of the stream using the predetermined transit rate. Maintain the transit
rate until the sampler container touches bottom, then immediately reverse the direction of the
transit and maintain the transit rate until the sampler clears the surface. Care should be taken
when touching the stream bottom so as not to disturb loose sediment and bias the sample. Once
the sampler clears the surface, the user should be careful not to tilt the sampler forward so that
the nozzle tilts down. If the container is nearly full, water could run out of the container back
through the nozzle and bias the sample.
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Upon completion of sampling with a particular container, remove it by firmly holding the cap
with one hand and removing the container with the other hand. The wading rod may be secured
under the user’s arm, or rested on the user’s shoulder during the operation. When collecting
water-quality samples, the 2-person, clean-hands/dirty hands sampling technique should be used
as described in the National Field Manual for Collection of Water-Quality Data, Chapter A4,
pages 17-18. Cap and label the container. Each sample container label should contain adequate
information. For sediment sampling, the following information should be considered:

Name of stream

Location of cross-section
Location of vertical

Stream depth covered by sample
Stage of stream

Date

Time

Identification of personnel
Sampling time

Water temperature

Coordination with sample groups
Serial number of sample

Appropriate documentation should be made for water-quality samples.
Questions and comments regarding sampler operation should be addressed to:

FEDERAL INTERAGENCY SEDIMENTATION PROJECT
Waterways Experiment Station
3909 Halls Ferry Road
Vicksburg, MS 39180-6199
(601) 634-2721
woneal@usgs.gov
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Plastic Nozzle
US D-77 Plastic Cap
Plastic Bofttle

TFE Nozzle

US D-77 PFA Cap
TFE Bottle Adapter
FEP Bottle

TFE Nozzle
US D-95 TFE Cap
FEP Bottle

Figure 2. US DH-81 sampler cap/bottle combinations
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Note: The following volumes were used to produce this diagram. The
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recommended volume is 800 mL. The maximum acceptable volume is
1000 mL.

Figure 4. Transit rate diagram for the US DH-81 sampler with a US D-77
plastic cap, 1-L plastic bottle and a 3/16-in plastic nozzle
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Note: The following volumes were used to produce this diagram. The
total volume of the sampler container is 1215 mL. The maximum
recommended volume is 800 mL. The maximum acceptable volume is
1000 mL.

Figure 5. Transit rate diagram for the US DH-81 sampler with a US D-77
plastic cap, 1-L plastic bottle and a 1/4-in plastic nozzle
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Figure 6. Transit rate diagram for the US DH-81 sampler with a US D-77
plastic cap, 1-L plastic bottle and a 5/16-in plastic nozzle
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Note: The following volumes were used to produce this diagram. The
total volume of the sampler container is 1265 mL. The maximum

recommended volume is 800 mL. The maximum acceptable volume is
1000 mL.

Figure 7. Transit rate diagram for the US DH-81 sampler with a US D-77
PFA cap, TFE bottle adapter, 1-L FEP bottle and a 3/16-in TFE nozzle
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Note: The following volumes were used to produce this diagram. The
total volume of the sampler container is 1265 mL. The maximum

recommended volume is 800 mL. The maximum acceptable volume is
1000 mL.

Figure 8. Transit rate diagram for the US DH-81 sampler with a US D-77
PFA cap, TFE bottle adapter, 1-L FEP bottle and a 1/4-in TFE nozzle
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Note: The following volumes were used to produce this diagram. The
total volume of the sampler container is 1265 mL. The maximum

recommended volume is 800 mL. The maximum acceptable volume is
1000 mL.

Figure 9. Transit rate diagram for the US DH-81 sampler with a US D-77
PFA cap, TFE bottle adapter, 1-L FEP bottle and a 5/16-in TFE nozzle
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Note: The following volumes were used to produce this diagram. The total
volume of the sampler container is 1195 mL. The maximum recommended
sample volume is 800 mL. The maximum acceptable sample volume is 1000
mL.

Figure 10. Transit Rate Diagram for US DH-81 sampler with a US D-95™
Cap, 1-L FEP bottle, and 3/16-in TFE Nozzle
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Note: The following volumes were used to produce this diagram. The
total volume of the sampler container is 1195 mL. The maximum
recommended sample volume is 800 mL. The maximum acceptable
sample volume is 1000 mL.

Figure 11. Tansit Rate Diagram for the US DH-81 sampler with a US D-95™
cap, 1-L FEP bottle, and 1/4-in TFE nozzle
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Note: The following volumes were used to produce this diagram. The
total volume of the sampler container is 1195 mL. The maximum
recommended sample volume is 800 mL. The maximum acceptable
sample volume is 1000 mL.

Figure 12. Transit Rate Diagram for US DH-81 sampler with a US D-95™
Cap, 1-L FEP bottle, and a US D-77 5/16-in TFE nozzle
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Figure 15. Example of proper position for sampling
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Table 1. US DH-81 sampler cap/bottle combinations

Cap Bottle Bottle adapter required
US D-77 Plastic Plastic/MJT' No
US D-77 PFA® Plastic/MJT” No
US D-77 PFA FEP Yes
US D-95™ (TFE) FEP No

'MJT: Mason Jar Threads
*See page 1, Container section for explanation of PFA/plastic combination

Table 2. US DH-81 sampler parts and part numbers

Part Part number
US DH-81A 002010
US D-77 plastic cap 002390
US D-77 PFA cap 002430
1-L bottle adapter 002250
US D-95™ Cap (TFE) 001365
1-L plastic bottle 002040
1-L FEP bottle 002050
3/16 in plastic US D-77 nozzle 002270
3/16 in TFE US D-77 nozzle 002310
1/4 in plastic US D-77 nozzle 002280
1/4 in TFE US D-77 nozzle 002320
5/16 in plastic US D-77 nozzle 002290
5/16 in TFE US D-77 nozzle 002330
1 ft wading rod 002020
3 ft wading rod 002070
3 ft plastic covered wading rod 002071
1 ft wading rod extension 002030
1 ft plastic covered wading rod extension 002031
3 ft wading rod extension 002080
3 ft plastic covered wading rod extension 002081
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Table 3 -- Filling time for the US DH-81 sampler using a I-L bottle, seconds

Velocity, Volume, 3/16-in 1/4-in 5/16-in
ft/sec mL nozzle nozzle nozzle

1.4 800 59

1.6 800 52

1.8 800 46

2.0 800 74 41 27
2.2 800 67 38 24
2.4 800 61 35 22
2.6 800 57 32 20
2.8 800 53 30 19
3.0 800 49 28 18
3.2 800 46 26 17
34 800 43 24 16
3.6 800 41 23 15
3.8 800 39 22 14
4.0 800 37 21 13
4.2 800 35 20 13
4.4 800 33 19 12
4.6 800 32 18 12
4.8 800 31 17 11
5.0 800 29 17 11
5.2 800 28 16 10
5.4 800 27 15 10
5.6 800 26 15 9
5.8 800 25 14 9
6.0 800 25 14 9
6.2 800 24 13 9
6.4 800 13 8
6.6 800 13 8
6.8 800 12 8
7.0 800 12 8
7.2 800 12

7.4 800 11

7.6 800 11
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Attachment C.2: USGS protocols for Field
Measurements (from National Field Manual for the
Collection of Water-Quality)



Reference-Selected Chapters from:

National Field Manual for the Collection of Water-Quality Data
Techniques of Water-Resources Investigations

Book 9

Handbooks for Water-Resources Investigations
http://water.usgs.gov/owaq/FieldManual/



http://water.usgs.gov/owq/FieldManual/
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TEMPERATURE 6.1

Measurements of air and water temperature at a field site are essential
for water-quality data collection. Determination of dissolved-oxygen
concentrations, conductivity, pH, rate and equilibria of chemical reac-
tions, biological activity, and fluid properties relies on accurate tem-

perature measurements.

Accurate air- and water-temper-
ature data are essential to docu-
ment thermal alterations to the
environment caused by natural
phenomena and by human activ-
ities. Water temperature can be
subject to environmental regula-
tion and monitoring by State and
local agencies.

This section describes methods for measuring temperature in air, sur-
face water, and ground water. The methods are appropriate for fresh to

saline waters.

TEMPERATURE:

a measure of
warmth or coldness
of a substance

with reference to

a standard value.

» A thermometer is any device used to measure temperature,

consisting of a temperature sensor and some type of calibrated

scale or readout device. Liquid-in-glass thermometers and

thermistor thermometers are commonly used to measure air and

water temperature. '

» The U.S. Geological Survey (USGS) uses the Centigrade or
Celsius (C) scale for measuring temperature.

ISome of the equipment and procedures recommended herein may not reflect the
most recent technological advances; in this case, follow the manufacturer’s

instructions but comply with standard USGS quality-control practices.

T—3
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6.1.1 EQUIPMENT AND SUPPLIES

Thermometers and other temperature-measurement equipment and
supplies must be tested before each field trip and cleaned soon after
use (table 6.1-1). Each temperature instrument must have a log book
in which all calibrations and repairs are recorded, along with the man-
ufacturer make and model and serial or property number.

Table 6.1-1. Equipment and supplies used for measuring temperature’
[—, minus; +, plus; °C, degrees Celsius; L, liter; uS/cm, microsiemens per
centimeter at 25°C]

v Calibration thermometer, liquid-in-glass or electronic-thermistor
thermometer, either National Institute of Standards and Technology (NIST)
certified or manufacturer-certified as NIST traceable. Must carry certificate
of NIST traceability; its use not allowed after expiration of
certification.

o Temperature range, at least -5 to +45°C
¢ (.1°C graduations (liquid-in-glass) or less

v Thermometer, liquid-in-glass sensor, nonmercury-filled for field use
e Temperature range, at least -5 to +45°C
e Minimum 0.5°C graduated
e Calibrated accuracy within 1 percent of full scale or 0.5°C, whichever is
less
e Calibrated and office-laboratory certified against a properly certified
calibration thermometer (see above)

v' Thermistor Thermometer
e Calibrated accuracy within 0.1°C to 0.2°C
e Digital readout to at least 0.1°C
e Office-laboratory certified against a calibration thermometer
(see above)

Dewar flask and (or) plastic beakers (assorted sizes)
Water bath, refrigerated (if available—see section 6.1.2)
Soap solution (1 L), nonphosphate laboratory detergent

Deionized water (1 L), maximum conductivity of 1 uS/cm

AN N N RN

Flowthrough chamber (for ground-water applications as an alternative to
instruments with downhole capabilities)

v Paper tissues, disposable, soft, and lint free

v Log book, for recording all calibrations, maintenance, and repairs

lModify this list to meet specific needs of the field effort.
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Temperature-measuring instruments for field and laboratory (calibra-
tion) use can be either a liquid-in-glass or thermistor thermometer.
Field personnel should be familiar with the instructions for use of the
thermometer that are provided by the manufacturer.

» Liquid-in-glass field thermometer—Total immersion
thermometers that are filled with a stable liquid, such as alcohol,
are recommended for water measurements in the field. (Partial
immersion thermometers are not recommended: these have a
ring or other mark to indicate the required immersion depth.)
Thermometers for field use must not be mercury filled. Before
making temperature measurements, check the type of liquid-
filled thermometer being used.

» Thermistor thermometer—A thermistor thermometer is an
electrical device made of a solid semiconductor with a large
temperature coefficient of resistivity. An electrical signal
processor (meter) converts changes in resistance to a readout
calibrated in temperature units. Thermistors are incorporated
into digital thermometers, individual-parameter instruments
(such as conductivity and pH meters), and multiparameter
instruments used for surface-water and ground-water
measurements.

CAUTION:

Do not use mercury-filled thermometers in the field.

MAINTENANCE, CLEANING, AND STORAGE

Liquid-in-glass and thermistor thermometers can become damaged or
out of calibration, especially as a consequence of thermal shock or
extended exposure to direct sunlight. It is important to be familiar with
and to follow the manufacturer’s instructions for use and care.

» Keep a log book for each thermometer in which the date, time,
and location of every calibration are recorded.

— Avoid direct exposure of the thermometer to sunlight.

— Avoid submerging the thermometer sensor in corrosive solu-
tions.

— Follow the calibration guidelines and protocols described in
section 6.1.2.

T—5
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— Digital thermometer casings should not be submerged in
water unless the manufacturer affirms that they are water-
proof. Do not allow any liquid to enter open jacks that are
part of some digital thermometers.

» Keep thermometers clean.

— Clean thermometer sensors with a soft cloth dipped in a mild
solution of lukewarm water and nonphosphate detergent.

— If the digital thermometer case needs to be disinfected, use a
weak (0.005 percent) bleach solution.

— Do not autoclave the thermometer (unless autoclaving is
sanctioned by the manufacturer).

— If your digital thermometer has a detachable sensor with a
plug termination, periodically wipe off or clean the sensor
contacts. Dirty contacts can affect temperature readings.

— Blot the thermometer sensor dry after use.

— To clean an LCD lens, use only plastic-approved lens
cleaners; do not use alcohol, acetone, or other harsh
chemicals, as these will fog the lens.

» Store thermometers securely when not in use.

— Keep thermometers in a clean protective case when not in
use. Each thermometer sensor and the case must be free of
sand and debris.

— Keep thermometers dry and in a protective case during tran-
sit.

— Store liquid-filled thermometers with the bulb down.

— Store thermometers in a cool place and inside a building
when not in use; do not leave a thermometer in a vehicle that
could change in temperature to very hot or very cold, result-
ing in thermal shock to the thermometer.

— Check the batteries of thermistor-type thermometers for
proper voltage before using.

— Record the calibration data in the log book for each ther-
mometer—Iliquid-in-glass, thermistor thermometer, or ther-
mistor-containing field-measurement instrument. Note if a
thermometer has been serviced or replaced.

Temperature, Version 2 (3/2006) U.S. Geological Survey TWRI Book 9



CALIBRATION 6.1.2

Thermometer calibration differs from the process by which a pH or
conductivity sensor is adjusted until the accuracy of its performance
conforms to that of an accepted calibration standard. For temperature

measurements, calibration? refers to a comparison or accuracy check
at specified temperatures against a thermometer that is certified by the
National Institute of Standards and Technology (NIST), or is manufac-
turer-certified as NIST traceable. Calibration should be performed in a
laboratory environment every 6 to 12 months, depending on the manu-
facturer’s recommendation.

» Field thermometers: Only calibration thermometers having
current NIST certification or traceability can be used for
checking the accuracy of (calibrating) field thermometers.

— In the case of continuous monitors, a nonmercury calibra-
tion thermometer can be used in the field to check or monitor
temperature readings whenever other field-measurement sen-
sors are calibrated. See Wagner and others (2006) for spe-
cific guidelines for continuous monitors.

» Calibration thermometers are calibrated during their
manufacture and certified as NIST-certified or NIST-traceable
at the manufacturing laboratory. The USGS requires that
calibration thermometers be recertified by a professional
calibration service at least every 2 years, or be replaced with a
calibration thermometer having current certification.

— Calibration thermometers should be reserved for calibration
and should not be used routinely as field thermometers (see
TECHNICAL NOTE). Mercury-filled thermometers must
never be used outside of the laboratory.

— The thermistors included in other field-measurement instru-
ments must be calibrated (checked) routinely, as specified
below for thermistor thermometers, since accurate determi-
nation of other field measurements depends on the accuracy
of temperature measurements. Thermistors that are incorpo-
rated into instruments designed to measure, for example, spe-
cific electrical conductance, dissolved oxygen, and pH
commonly provide automatic temperature compensation.

2Calibrate: “To check, adjust, or systematically standardize the graduations of a
quantitative measuring instrument” (American Heritage Dictionary, 1976).
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— All thermometers must be tagged with their most recent
date and source of certification (NIST-certified or -trace-
able source for calibration thermometers and office-labora-
tory source for field thermometers).

» A log book is required in which the calibration and certification
history of each calibration and field thermometer is recorded.

TECHNICAL NOTE: The accuracy of a thermometer may vary over
time, depending on factors such as the quality of its manufacture,
the frequency of its use, and the conditions to which it is exposed.
Shock, contamination, rapid heating and cooling, and mechanical
stress are some factors that can affect the stability of a liquid-in-
glass or thermistor thermometer (ICL Calibration Laboratories,
2003, 2005; ASTM International, 2005).

6.1.2.A  CALIBRATION THERMOMETERS

Calibration thermometers (table 6.1-1) can be either a liquid-in-glass
(mercury or spirit) or thermistor (digital) type thermometer, but must
carry a current NIST certification or NIST-traceable certification that
is no more than 2 years old. The actual duration of the calibration
depends on the date of thermometer certification (not the date of pur-
chase), how frequently the thermometer is used, and the conditions
(thermal, chemical, and physical) to which it has been subjected dur-
ing field operations and storage (see “Maintenance, cleaning, and stor-
age” in section 6.1.1).

» Check that the calibration thermometer has an NIST
certification or traceable certificate that is within a 2-year
period of original certification or recertification.

» Liquid-in-glass calibration thermometer:

— Before each use, inspect the thermometer for cracks, internal
condensation, and liquid separation; if any of these condi-
tions are observed, the thermometer must be replaced.

— If the thermometer has been stored or used improperly,
exposed at some length to sunlight or heat, or if its accuracy
is otherwise in question, check its readings at tempera-
tures of approximately 0°, 25°, and 40°C, against those of
another calibration thermometer that has been certified
within the past 2 years. If the environmental air or water
temperatures to be measured fall below or exceed this range,
add calibration points to bracket the anticipated temperature
range.

Temperature, Version 2 (3/2006) U.S. Geological Survey TWRI Book 9



» Thermistor calibration thermometer:

— Before each use, inspect the instrument (temperature sensor,
digital display, wires or leads, and plugs) for signs of wear or
damage; check that batteries are at full voltage.

— If the thermometer has been improperly stored or used,
exposed at some length to sunlight or heat or extreme cold,
or if its accuracy is otherwise in question, check its readings
at five temperatures within the range of 0° to 40°C, against
those of another currently certified calibration thermometer.
If the environmental air or water temperatures to be mea-
sured fall below or exceed this range, add calibration points
to bracket the anticipated temperature range.

» Once NIST certification has expired (exceeded the 2-year
USGS limit):

— The thermometer either must be replaced with a currently
certified thermometer or be recertified through a profes-

sional calibration service.> An office-laboratory calibration
check does not constitute recertification of NIST traceability
of a calibration thermometer.

— Itis advisable to replace all mercury thermometers with a
spirit or thermistor thermometer in order to avoid potential
mercury contamination. The mercury thermometer must be
disposed of in strict accordance with safety regulations.

Do not use calibration thermometers as routine
field thermometers. Reserve their use for

calibrating field thermometers.

FIELDTHERMOMETERS 6.1.2.B

Field thermometers, whether of the liquid-in-glass or thermistor
(digital) type, and whether or not they are themselves NIST-traceable,

3The cost of commercial calibration services can vary widely. Examples of
laboratories that are accredited to perform thermometer calibrations and certification
include: National Institute of Standards and Technology
(http://ts.nist.gov/ts/htdocs/230/233/calibrations/); ICL Calibration Laboratories
(www.icllabs.com); Lab Safety Supply, Inc. (https://www.labsafety.com/calibration).
(URLs cited were accessed 11/28/2005).
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require regular accuracy checks against a calibration thermometer.
Carry an extra thermometer in the event that the accuracy of a field
thermometer is in question. Note, however, that field checking of a
thermometer’s accuracy does not substitute for the required
annual laboratory calibration.

» Ata minimum, calibrate each field thermometer every 12
months—the time interval depends on the amount of use and
abuse to which the thermometer has been subjected and on its
manufacture. According to thermometer manufacturers, some
models of thermistor thermometers require calibration every 6
months (YSI, 2005). Quarterly or possibly monthly calibration
can be required if the thermometer is in heavy use; was exposed
to thermal shock, an extended period of direct sunlight, or
extreme shifts in temperature; or was exposed to aggressive
chemical solutions. The calibration history from the log book can
indicate the expected life of the thermometer.

» Each thermometer that passes the accuracy check must be
tagged with the date of calibration. Thermometers that do not
pass the accuracy check must be repaired, if possible, or else
discarded or otherwise retired from use.

» The annual calibration of field thermometers can be performed
in the office laboratory or by an NIST-accredited commercial
laboratory. To calibrate a thermometer, check its readings across
a range of temperatures as described below in the instructions
for water-bath calibration procedures. Temperature checks must
bracket and include points that represent the temperature range
expected to be encountered in the field. EXCEPTION:
Thermistors in continuous water-quality monitors can be field-
checked annually (or more frequently, if necessary) with a
nonmercury NIST-certified or NIST-traceable thermometer.

— Fully submerge the bulb and liquid column if using a total-
immersion liquid-in-glass thermometer.

— Keep calibration and field temperature sensors (thermistor or
liquid-in-glass type) submerged throughout the calibration
process.

— Record thermometer readings throughout the bath warming
and cooling periods and while keeping the water stirred or
otherwise circulated (thermistor readings will be recorded
with greater frequency).

— Check meter batteries periodically for proper voltage when
using a thermistor-type thermometer.

Temperature, Version 2 (3/2006) U.S. Geological Survey TWRI Book 9



T—I11

— Record the calibration data in the instrument log book for
each thermistor thermometer (including thermistor-containing
field meters), noting if a temperature sensor has been
replaced.

Calibrate field thermometers every 12 months.

To calibrate field thermometers when a commercial refrigerated
water bath is available:

1. Precool the sensor of the thermometer(s) being tested (field
thermometer) to 0°C by immersing it in a separate ice/water bath.

2. Immerse the field and calibration temperature sensors in the
refrigerated bath with a water temperature of approximately 0°C.

3. Position the temperature sensor(s) so that they are properly
immersed and so that the scales can be read. Stir the water bath and
allow at least 2 minutes for the thermometer readings to stabilize.

4. Without removing the temperature sensor(s) from the refrigerated
water bath, read the field thermometer(s) to the nearest graduation
(0.1 or 0.5°C) and the calibration thermometer to the nearest 0.1°C.

a. Take three readings within a 5-minute span for each field
thermometer.

b. Calculate the mean of the three temperature readings for each
field thermometer and compare its mean value with the
calibration thermometer.

c. If aliquid-filled field thermometer is found to be within +1
percent of full scale or £0.5°C of the calibration thermometer,
whichever is less, set it aside for calibration checks at higher
temperatures.

d. If a field thermistor is found to be within £0.2°C of the
calibration thermometer, set it aside for calibration checks at
higher temperatures.

5. Repeat steps 1-4 in 25°C and 40°C water. Keep the bath tempera-
ture constant. Check the thermistors at two or more additional
intermediate temperatures (for example, 15°C and 30°C).

6. Tag acceptable thermometers as “office-laboratory certified” with
calibration date and certifier’s initials.
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To calibrate field thermometers when a commercial
refrigerated water bath is not available:

A.
1.

2.

For the 0°C calibration

Freeze several ice cube trays filled with deionized water.

Fill a 1,000-milliliter (mL) plastic beaker or Dewar flask three-
fourths full of crushed, deionized ice. Add chilled, deionized water
to the beaker. Place the beaker of ice/water mixture in a larger,
insulated container or Dewar flask. Place the calibration thermom-
eter into the ice/water mixture and make sure that the temperature
is uniform at 0°C by stirring and checking at several locations
within the bath.

. Precool the sensor of the field thermometer(s) to 0°C by

immersing in a separate ice/water bath.

Insert the field thermometer(s) into the ice/water mixture. Position
the calibration and field thermometers so that they are properly
immersed and so that the scales can be read. Periodically stir the
ice/water mixture and allow at least 2 minutes for the thermometer
readings to stabilize.

. After the readings stabilize, compare the temperature of one field

thermometer at a time with that of the calibration thermometer.
Without removing the temperature sensor(s) from the test bath,
read the field thermometer(s) to the nearest graduation (0.1 or
0.5°C) and the calibration thermometer to the nearest 0.1°C.

a. Take three readings for each thermometer within a 5-minute
span.

b. Calculate the mean of the three temperature readings for each
thermometer and compare its mean value with the calibration
thermometer.

c. If the field liquid-filled thermometer is found to be within +1
percent of full scale or 0.5°C of the calibration thermometer,
whichever is less, set it aside for calibration checks at higher
temperatures.

d. If the field thermistor is found to be within +0.2°C of the cali-
bration thermometer, set it aside for calibration checks at
higher temperatures.
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B. For the “room temperature” calibration (25°C)

1. Place a Dewar flask or container filled with about 1 gallon of water
in a box filled with packing insulation. (A partially filled insulated
ice chest can be used for multiparameter instruments.) Place the
calibration container in an area of the room where the temperature
is fairly constant (away from drafts, vents, windows, and harsh
lights).

2. Properly immerse the calibration and field thermometer(s) in the
water. Cover the container and allow the water bath and thermom-
eters to equilibrate.

3. Stir the water and, using the calibration thermometer, check the
bath for temperature uniformity. Repeat this every 2 hours. It may
be necessary to let the bath equilibrate overnight.

4. Compare one field thermometer at a time against the calibration
thermometer, following the procedures described above in step AS
for the 0°C calibration.

C. For each temperature that is greater than 25°C

1. Warm a beaker of 1,000 mL or more of water to the desired tem-
perature (for example, 40°C) and place it on a magnetic stirrer
plate.

2. Follow the procedures described above in step A5 for the 0°C cali-
bration.

Tag acceptable field thermometers as “office-laboratory certified”
with the calibration date and certifier’s initials.

Corrections can be applied to measurements made with a thermometer
that is within +1 percent of full scale or £0.5°C of the calibration ther-
mometer. Corrections should be applied by using a calibration curve or
table, which is plotted in the log book for the instrument. Thermistors
found to be out of calibration by more than 0.2°C must be
returned to the manufacturer for repair or replacement.

Remember to tag and date acceptable field

thermometers after calibration.
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6.1.3 MEASUREMENT

Air temperature, in addition to water temperature, should be measured
and recorded whenever water-quality samples are collected. Water tem-
perature must always be measured in situ and in a manner that ensures
that the measurement accurately represents the intended sample condi-
tions. Before measuring air or water temperature:

» Inspect the liquid-in-glass thermometer to be certain that the
liquid column has not separated.

— Inspect the glass bulb to be sure it is clean.

— Inspect the protective case to be sure it is free of sand and
debris.

» Check that batteries are fully charged for thermister
thermometers or temperature sensors incorporated into other field
meters.

6.1.3.A AIR

Measure air temperature using a dry, calibrated thermometer.

» Place or hang the thermometer about 5 feet above the ground in a
shaded area that is protected from strong winds but open to air
circulation. Avoid areas of possible radiant heat effects, such as
metal walls, rock exposures, or sides of vehicles.

» Allow 3 to 5 minutes for the thermometer to equilibrate, then
record the temperature and time of day.

» Measure the air temperature as close as possible to the time when
the temperature of the water sample is measured.

» Report routine air temperature measurements to the nearest
0.5°C. If greater accuracy is required, use a thermistor
thermometer that has been calibrated to the accuracy needed.
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6.1.3.B  SURFACE WATER

The reported surface-water temperature must be measured in situ—do
not measure temperature on subsamples from a sample compositing
device. Measure temperature in such a manner that the mean or
median temperature at the time of observation is represented (consult
NFM 6.0 and fig. 6.0-1). Record any deviation from this convention in
the data base and report it with the published data.

To measure the temperature of surface water:

» Making a cross-sectional temperature profile first, to determine
the temperature variability of the stream section, is
recommended—a hand-held digital thermometer works best for
this purpose.

» To determine which sampling method to use (NFM 6.0),
examine the cross-sectional profile and consider study
objectives.

» Measure temperature in those sections of the stream that
represent most of the water flowing in a reach. Do not make
temperature measurements in or directly below stream sections
with turbulent flow or from the stream bank (unless this
specifically represents the intended condition to be monitored).

1. Use either a liquid-in-glass thermometer or a thermistor thermom-
eter tagged as “office-laboratory certified” and dated within the
past 12 months.

2. Record on field forms the temperature variation from the cross-
sectional profile, and the sampling method selected.

e Flowing, shallow stream—wade to the location(s) where tem-
perature is to be measured. To prevent erroneous readings
caused by direct solar radiation, stand so that a shadow is cast
on the site for temperature measurement.

e Stream too deep or swift to wade—measure temperature by
lowering from a bridge, cableway, or boat a thermistor ther-
mometer attached to a weighted cable. Do not attach a weight
directly onto the sensor or sensor cable.

e Still-water conditions—measure temperature at multiple
depths at several points in the cross section.

T—I15
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. Immerse the sensor in the water to the correct depth and hold it

there for no less than 60 seconds or according to the manufac-
turer’s guidelines until the sensor equilibrates thermally. The
sensor must be immersed properly while reading the temperature;
this might require attaching the thermistor to a weighted cable.

TECHNICAL NOTE: For in-situ measurement with liquid-filled,
full-immersion thermometers—the water depth to which the
thermometer is immersed must be no greater than twice the
length of the liquid column of the thermometer in order to make
an accurate measurement.

. Read the temperature to the nearest 0.5°C for liquid-in-glass and

0.2°C for thermistor readings—do not remove the sensor from
the water.

e When using a liquid-in-glass thermometer, check the reading
three times and record on field forms the median of these
values.

e When using a thermistor thermometer, wait until the readings
stabilize to within 0.2°C, then record the median of approxi-
mately the last five values.

. Remove the temperature sensor from the water, rinse it thoroughly

with deionized water, blot it dry, and store it.

. Record the stream temperature on field forms. Determine the

values as follows:
o In still water—median of three or more sequential values.

e For equal discharge increments (EDI)—mean value of
subsections measured (use median value if measuring one
vertical at the centroid of flow).

e For equal width increments (EWI)—mean or median value
of subsections measured.
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6.1.3.C GROUND WATER

Measurements of ground-water temperature must be made downhole
or with a flowthrough system at the end of purging to ensure that the
temperature measured accurately represents ambient aquifer water
conditions (consult NFM 6.0 for guidance). Do not report a tempera-
ture value measured from a bailed ground-water sample.

To measure the temperature of ground water:

» Select either the downhole or flowthrough-chamber sampling
system (see NFM 6.0, fig. 6.0-4) and record the method used.

» Measure temperature with a thermometer that has been office-
laboratory certified within the past 12 months and within the
temperature range to be encountered.

1. Prepare the instruments for either the downhole or the
flowthrough-chamber system.

e Downhole system—Ilower the sensor in the well to just below
the pump intake (the intake location depends on the sampling
objectives).

o Flowthrough-chamber system—properly immerse the ther-
mistor or liquid-in-glass thermometer in the chamber. Keep the
pump tubing from the well to the chamber as short as possible,
out of direct sunlight, and off the ground. Keep the chamber
out of direct sunlight and wind.

2. Begin water withdrawal from the well. Allow the thermometer to
equilibrate with ground-water temperature for no less than 60 sec-
onds or in accordance with the manufacturer’s guidelines; record
the readings and time intervals throughout the period of purging.

3. Toward the end of purging, record five or more sequential mea-
surements, spaced at increments of 3 to 5 minutes or more.

e If the thermistor temperature is stable within the 0.2°C crite-
rion, report the median of the final five measurements (table
6.0-1). (For a liquid-in-glass thermometer, there should be
only slight fluctuation around 0.5°C.)

e If the stability criterion has not been met, extend the purge time
and consult the well-purging objectives of the study. Report the
median of the last five (or more) sequential measurements and
record any instability on field forms.

4. Remove the thermometer from the water, rinse it thoroughly with
deionized water, blot it dry, and store it as described in 6.1.1.
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6.1.4 TROUBLESHOOTING

Contact the instrument manufacturer if the suggestions on table 6.1-2
fail to resolve the problem, or if additional information is needed.

When using thermistor thermometers:

» Check the voltage of the batteries.

» Start with good batteries in instruments and carry spares.

Table 6.1-2. Troubleshooting guide for temperature measurement

Symptom

Possible cause and corrective action

Liquid-in-glass thermometer does
not read accurately

Check thermometer to see that the liquid is not
separated—if separated, take back to the office
laboratory to reunite column or for disposal.

Thermistor thermometer does not
read accurately

Dirty sensor—remove dirt and oil film.
Weak batteries—replace with new batteries.

Erratic thermistor thermometer
readings

Bad or dirty connection at meter or sensor—
tighten or clean connections.

Break in the cables—replace cables.
Weak batteries—replace with new batteries.

Thermistor thermometer slow
to stabilize

Dirty sensor—clean sensor to remove dirt and
oily film.

Temperature, Version 2 (3/2006)
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6.1.5 REPORTING

USGS temperature measurements should be stored in the National
Water Information System (NWIS) data base. These data may be pub-
lished electronically and (or) on paper as the verified negative or posi-
tive value measured, as described below.

>

Thermistor thermometer measurements: Store manually
recorded temperature measurements in the data base to the user-
verified precision of the instrument (generally, 0.1 or 0.2°C,
provided that the thermometer calibration verifies this
accuracy). Electronically recorded temperature data may be
stored unrounded. Unrounded temperature data in the database
must be rounded when retrieved for publication.

Liquid-in-glass thermometer measurements: Record
temperature measurements in the data base to the nearest 0.5°C.

Any values less than 0.1°C are highly questionable and should
be published only after a complete calibration check of the
equipment used.

USGS field measurements of air and water temperature must be
entered on the paper or electronic field form and stored in the
NWIS data base.

— Be sure to store all data under the correct parameter and
method (if available) codes.

— Store air and water temperature measurement data with rep-
licate samples only if replicate measurements were made.
Enter replicate measurements under the correct medium
code for quality-control (QC) samples; alternatively, distin-
guish the replicate from the regular sample by using the
unique time-of-sampling that was assigned to QC samples
for that site and date.

— Do not store the regular-sample measurement data with the
replicate-sample data. Enter regular-sample data only
once in the NWIS data base.

Record the accuracy range of the instrument in the data base, if
possible. Report the accuracy range with the published values.

Report only those water temperature

values that were measured in situ.
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6.2 Dissolved Oxygen

Revised by Stewart A. Rounds, Franceska D. Wilde, and George F. Ritz

The concentration of dissolved oxygen in water is affected by many factors, including ambient
temperature, atmospheric pressure, and ion activity (ionic strength of the water body). Accurate dissolved-
oxygen (DO) data are essential for understanding and documenting effects on environmental water
resources that result from natural phenomena and human activities. Sources of DO in water include
atmospheric aeration and photosynthetic activities of aquatic plants. Sinks of DO in water include
respiration, aerobic decomposition processes, ammonia nitrification, and other chemical/biological
reactions. Many chemical and biological reactions in groundwater and surface water depend directly or
indirectly on the amount of available oxygen. The presence of DO in aquatic systems is necessary for the
survival and growth of many aquatic organisms and is used as an indicator of the health and geochemical
quality of surface-water and groundwater systems.

DISSOLVED OXYGEN: Molecular oxygen (oxygen gas) dissolved in water.

Standard procedures used by the U.S. Geological Survey (USGS) for determining concentrations of DO

in surface water and groundwater involve the use of luminescence-based (optical sensor), amperometric
(Clark cell'), or spectrophotometric methods of analysis. The iodometric (Winkler) method (section 6.2.3)
no longer is used by the USGS for routine measurement of DO at field sites, but remains a standard method
for verifying the results of DO measurements made using other methods.

The selection of field equipment and measurement methods takes into consideration (a) whether equipment
will be used at varying and discrete locations and times or be deployed at a single location over a period
during which it will be unattended, (b) anticipated environmental conditions, (c) the specific data-quality
objectives of the data-collection program, and (d) the inherent benefits of a given technology as applied

to given site characteristics and project or program objectives. The measurement methods described are
employed by the USGS onsite for routine determination of DO concentrations in fresh to saline surface
water and groundwater.

The primary USGS field procedure employed for DO determinations during the past two decades required
the use of amperometric sensors until luminescence-based (optical) sensors became more common (around
2005). Although both optical and amperometric methods yield accurate results, optical DO sensors are
considered a major technological advance over amperometric sensors because optical DO sensors are more
robust in the field environment.

» Optical and amperometric sensor methods (section 6.2.1) are applicable to the same aqueous environ-
mental conditions. Both sensor technologies are available in single-parameter DO meters or in multi-
parameter sondes and can be either handheld for discrete measurements or deployed for longer term,
unattended continuous and real-time measurements.

! This document refers to the “amperometric” method or sensor interchangeably with the “Clark cell” sensor. Other terms applied to amperometric methods
include polarographic and galvanic technology.
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Spectrophotometric (colorimetric) methods (section 6.2.2) yield consistent results when applied to the
determination of DO concentrations in oxygen-depleted waters (for example, in certain aquifers and
deep-lake horizons). Noninstrumental colorimetric methods that are available for visually determining
DO concentrations to zero milligram per liter (mg/L) can be useful for a quick reconnaissance of DO
conditions and an accuracy check of DO sensor performance.

The iodometric (Winkler) method (section 6.2.3) is regarded as an accurate and precise method for the
calibration of DO sensors and the determination of DO concentration in water, when performed under
controlled laboratory conditions. Before sensors that could be immersed directly in the water column
became commonly available, USGS personnel were trained to perform Winkler titrations onsite. Stan-
dard USGS practice no longer sanctions the transport of field samples offsite for DO determination.

Some procedures for equipment operation as recommended in this guidance document
may not apply to your equipment because of technological advances or other changes.

Be sure to record any modifications made to the standard USGS procedures given in this
field manual.

6.21 Optical (Luminescence) and Amperometric Sensor Methods

Either the optical or amperometric sensor methods can yield accurate results for measurement of

DO concentrations under most of the field conditions encountered for routine USGS data-collection
activities. Both methods are relatively simple to use, whether deployed for single (discrete) or continuous
(unattended) DO measurements in surface water or groundwater. Because of the advantages introduced by
advances in applying luminescence technology to DO measurement, optical sensors are generally favored
for most standard USGS field operations.

>

Optical sensors. The technology used in optical DO sensors involves the measurement of light-emis-
sion characteristics of a luminescence-based reaction at the sensor-water interface (see TECHNICAL
NOTE 1). In contrast to amperometric sensors:

— Oxygen is not consumed at the sensor-water interface.

— The optical sensor is not dependent on water flow; consequently, no stirring mechanism is
required at sites with slow or stagnant waters.

— Optical sensors are stable. They are considerably more robust than amperometric sensors in main-
taining calibration over long-term deployment and over a wide range of environmental conditions,
and sensor drift over time is minimal when the sensor is kept clean.

— There are no known sources of interference to the luminescence method in natural aquatic sys-
tems. Optical sensors will measure accurately in the presence of hydrogen sulfide (H,S) and also
when deployed in fresh, brackish, and mildly polluted waters. Contact, however, with organic
solvents can compromise sensor integrity or performance.

— Cleaning and maintenance are simplified. The optical sensor contains no anode or cathode to ser-
vice, and uses no electrolyte solution, amperometric-type membranes, O-rings, or stirrer.

Chapter A6, Field Measurements 6.2 Dissolved Oxygen, version 3.0



— The maintenance routine and schedule for optical sensors is less frequent than for amperometric
sensors. Optical-sensor maintenance is dictated by manufacturer guidelines that are specific to the
type of sensor in use and the conditions to which the sensor has been subjected.

* Optical-sensor luminophore-containing modules® (referred to as sensor caps, probe tips, or
luminophore-coated membranes or foil, depending on the manufacturer) are rugged and resis-
tant to punctures or other damage in storm or high-flow conditions, while amperometric (Tef-
lon-membrane) sensors are considerably more vulnerable and require frequent replacement.

* Compared with the amperometric sensor, the frequency of a calibration check for an unattended
(for example, continuously deployed) optical sensor should occur at least every 4 to 8 weeks,
which depends primarily on environmental conditions and the age and condition of the lumi-
nophore, while the amperometric sensor typically requires recalibration every week or two,
depending on environmental conditions.

* The manufacturers generally recommend annual to biannual replacement of the luminophore-
containing module. The modules are easily replaced and should be calibrated or undergo a
calibration check after being replaced.

TECHNICAL NOTE 1. The luminescence sensor employs a light-emitting diode (LED) to provide
incident light of a specific wavelength, which excites a luminescent-dye molecule substrate
(luminophore) of the sensor. After some dissipation of the excitation energy, longer wavelength
light is emitted. The intensity of the fluorescence is proportional to the DO concentration because
the presence of oxygen can quench, or suppress, the fluorescence response of the dye. Higher
DO concentrations result in greater quenching and a decreased fluorescence response. More
importantly, the timescale, or lifetime, of the fluorescence reaction is dependent also on the DO
concentration and is not dependent on the light intensity of excitation or fluorescence, therefore
allowing reliable determination of the DO concentration. Temperature stability during calibration
and measurement is extremely important for optical and amperometric sensors alike.

» Amperometric sensors (Clark cell). The amperometric measurement method was the most commonly
used field method for DO determination for USGS water data-collection efforts before introduction
of the luminescence method. In this method, the DO concentration is determined using a temperature-
compensating meter connected to an amperometric-membrane type of sensor or an amperometric sen-
sor bundled with other sensors in a multiparameter sonde.

— Amperometric sensors require use of membranes and electrolyte solutions (see TECHNICAL
NOTE 2 below).

— The method is flow-dependent, requiring that an adequate flow of water (approximately 1 foot per
second (ft/s)) passes across the membrane.’ Manual stirring is required when making handheld
measurements. Use of an additional stirring mechanism fitted to the sensor or sonde is needed for
discrete or continuous measurements at sites with slow or stagnant waters.

— Contact of the amperometric sensor with hydrogen sulfide (H,S) interferes with the DO determi-
nation by degrading the electrode surfaces under the membrane.

2 See TECHNICAL NOTE 1 for definitions of luminescence and luminophore.

3 The “Rapid Pulse” (YSI) sensor, however, does not require a stirrer and was designed to be virtually flow-independent for DO measurement in environmen-
tal waters. As of this writing, it is the only amperometric technology designed for this purpose and that allows a two-point calibration.
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— Amperometric sensors are vulnerable to changes in temperature and the instrument must be tem-
perature compensating. Be cognizant of the relation between sensor membranes and temperature.
The permeability of the membrane changes as a function of temperature, as does the solubility of
oxygen in water.

— Method performance can be negatively affected by:
* calibration drift
* aloose, wrinkled, or damaged membrane
* air bubbles in the electrolyte
* use of expired or contaminated electrolyte solution
* loose-fitting O-rings and membranes
» damaged, dirty, or otherwise contaminated electrodes under the membrane

— Extreme temperature change and (or) shock/vibration may cause a shift in the calibration, result-
ing in biased data.

TECHNICAL NOTE 2. Some manufacturers provide amperometric-sensor membranes of various
thicknesses, the selection of which depends on the intended use of the instrument. Select the
sensor membrane based on manufacturer’s recommendations. Two basic types of membrane
design are available: (a) individual membranes and (b) membrane-cap assemblies. Individual
membranes are considerably less expensive but require more care and skill to install properly.
Sensor performance can be affected by the manner in which individual membranes are installed
and conditioned after installation.

6.2.1.A Equipment and Field Preparations

DO instruments (meters and sensors) are available from a number of commercial vendors. Because
of differences among manufacturers in the instrument design and instructions for use, calibration, and
maintenance, it is important that the user be thoroughly familiar with the instructional manual for the
specific instrument system to be used in addition to the guidance given here.

Equipment Description and Maintenance

Meters, sondes, and the DO sensors used in these instruments are sophisticated electronic equipment that
require care in handling and operation. Information about the equipment and supplies required for the
optical and amperometric methods of determining aqueous DO concentrations is summarized in table
6.2-1.

» Amperometric sensor. The amperometric “instrument system” refers to the entire sensor assembly,
including electrolyte solutions, membranes, and thermistors. Protect all sensors and supplies from
being jostled during transportation, from sudden impacts, sudden temperature changes, and from
extremes of heat and cold below 0 °C.
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» Optical sensor. Guidance for when to replace the luminophore-containing cap or membrane varies
among manufacturers and can be based on the specific design and materials used, the environmen-
tal conditions to which the sensor is exposed, the age of the sensor, and (or) the amount of time it is
deployed. For example:

— Hach Company states that the need for replacement of the luminophore module depends on envi-
ronmental factors to which their LDO (Luminescent Dissolved Oxygen) probe is exposed, rather
than be scheduled solely on the basis of frequency or length of use. Environmental factors such as
photobleaching of the luminophore surface from irradiation (for example, overexposure to sun-
light), and substantial changes in water properties such as salinity or atmospheric conditions (air
pressure), can affect the need for luminophore-module replacement.

— YSI Environmental advises annual replacement of the luminophore membrane assembly for their
ROX (Reliable Oxygen) optical sensor.

— In-Situ, Inc. advises that the RDO (Rugged Dissolved Oxygen) sensor cap has a 2-year shelf life
from the time of manufacture when not in service, but the cap must be replaced after one year of
field deployment.

P> Storage of optical and amperometric sensors. Become familiar with the specific manufacturer’s
recommendations for short-term (field) and long-term (office) storage.

— Amperometric sensors should not be allowed to dry out and should be kept moist during storage.

— Storage of optical sensors in a humid environment differs among manufacturers; consult the
manual provided for the sensor.
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Table 6.2-1. Equipment and supplies for the optical and amperometric sensor methods of dissolved oxygen determination.’

[DO, dissolved oxygen; mg/L, milligram per liter; NFM, National Field Manual for the Collection of Water-Quality Data; —, minus; +, plus;
°C, degrees Celsius; +, plus or minus]

For amperometric method only

Amperometric instruments must be pressure-compensated (as well as temperature-compensated).

DO sensor membrane replacement kit includes membranes, O-rings, electrolyte (filling) solution; electrode reconditioning
supplies; stirring attachment for low- or no-flow waters.

For optical and amperometric measurement methods

Instrument must be equipped with temperature compensation
* DO instrument and DO sensor or multiparameter instrument with DO capability and digital temperature readout display
» Operating range in water, from at least —5 °C to +45 °C
* Measure concentrations from 0.05 to 20 mg/L (instrument capability can range to 50 mg/L)
* Minimum scale readability (display resolution), preferably 0.01 mg/L DO
¢ Calibrated accuracy within 0.1 mg/L DO?

Calibration equipment, per manufacturer’s recommendation.’

Pocket altimeter-barometer or DO instrument with built-in barometer; barometer measures to nearest 1 millimeter of mercury
and its calibration has been checked before use.

Thermometer (see NFM 6.1 and 6.8 for calibration-check criteria) (for verification of air and water temperature and accuracy
of instrument built-in thermistor).

Zero DO solution. Dissolve 1 gram sodium sulfite in 1 liter of deionized water (0.008M solution, prepared fresh just before
the field trip or during week of use).’

Flowthrough chamber for determining groundwater DO, if downhole sensor deployment is impractical.
Oxygen-solubility table (table 6.2—6), or access http.//water.usgs.gov/software/DOTABLES/.
Waste-disposal containers.

Spare batteries.
* Calibration and maintenance log books for DO instrument and barometer.
* Calibrated specific conductance sensor, if working in saline or brackish systems.

! Modify this list to meet specific needs of the field effort.
2 Refer to Wagner and others (2006) for long-term sensor deployment.
3 Equipment needs and additional information specific to each calibration procedure are provided in section 6.2.1.B.

* Optionally, a few crystals of cobalt chloride (CoCl,) can be added to the solution as a catalyst in order to speed up the reaction; however,
routine USGS field operations omit the addition of CoCl,, as it is a toxic substance, is regulated for proper disposal, and is not a necessary
component to achieve a solution of the zero DO. If CoCl, will be used, personnel are advised to check the Material Safety Data Sheet for
proper handling and disposal of the solution.

Take special note of the manufacturer’s guidance as applicable to your sensor. Some manufacturers supply the zero-DO solution required or
document the specific instructions for preparing the zero-DO solution recommended for their sensors, including an alternative by which nitro-
gen gas is forced into tap or deionized water to produce a zero-DO solution (consult with the manufacturer’s division of technical support).

Field trip preparations

The service performed on all equipment, whether a full calibration, calibration check, or replacement
or repair of parts for the instrument, and whether performed in the office, laboratory, or field, must be
accurately recorded and dated in the log book using black or blue non-erasable ink.

Field-measurement instruments are to be maintained on a regular schedule and performance-tested
before field deployment, as described below:

1. Check all electrical connections and the charge on the batteries, as applicable for the instrument in use.

2. Thermistors/thermometers must be calibrated and field checked before use, as described in NFM 6.1
(“Temperature™).
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3. Perform a 100-percent saturation calibration check (see section 6.2.1.B). This performance check does
not negate the need for onsite sensor calibration at oxygen saturation.

4. Perform a zero-DO sensor-performance check.

a.

b.

Prepare the zero-DO sodium sulfite solution (see table 6.2—1).

Before immersing sensor in the zero-DO solution, it is imperative to remove the wiper (or
sponge) from the unit to avoid saturating it with the sodium sulfite solution. (Not all instruments
have a DO sensor wiper.)

Rinse sensor and wiper thoroughly and then reinstall wiper elements. Multiple and thorough
rinses with deionized water are necessary to restore the sensor to proper operating condition and
prevent bias to subsequent measurements.

5. Review the care and maintenance guidance provided by the manufacturer for the specific sensor being
used; instructions can differ appreciably depending on the instrument type, make, and model.

a.

Optical DO-sensor instrument: Check the condition and (or) deployment history of the lumino-
phore-containing sensor module, referring to the manufacturer’s guidance for replacement of the
luminophore module.

» Depending on the instrument, sensor modules are replaced annually or at least every 2 years,
even if the probe is idle.

* If the instrument reading exceeds 0.2 mg/L in the zero-DO solution, check DO again with a
freshly prepared zero-DO solution; if a greater than 0.2 mg/L reading persists, contact the in-
strument manufacturer and inquire if the luminophore module should be replaced.

Amperometric instrument:

 Inspect the instrument closely, checking for loose, wrinkled, or torn membrane; air bubbles
beneath the membrane; a loose O-ring, and a tarnished or discolored cathode or anode. If any
of these problems are detected, do not use the sensor until it has been serviced according to the
manufacturer’s guidance.

 [f the instrument reading exceeds 0.2 mg/L in the zero-DO solution, check DO again with a
freshly prepared zero-DO solution; if a greater than 0.2 mg/L reading persists, replace the sen-
sor membrane and electrolyte (if present) or repair.

* Membrane type — Consult manufacturer recommendations to select a sensor membrane of the
thickness required for the field operation. (Only one membrane thickness is available for some
amperometric sensor makes or models.)

* Membrane replacement — After replacing, the new membrane should be allowed to condition
over a given period of time before sensor calibration and deployment.

—  Depending on the manufacturer and whether replacement involves using the O-ring or
membrane-cap method, conditioning time depends on the type of membrane. Conditioning
of membranes with O-rings, for example, generally ranges from a minimum of 2 hours up
to 6 hours. For greater stability during calibration, allow the new membrane to condition
overnight before calibration and use.

— Membranes in caps are prestretched and require less conditioning.
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—  For continuous monitoring applications with field-replaceable sensors, either condition
the replacement sensor before the site visit, or replace the sonde with a second, clean and
calibrated sonde and perform maintenance of the replaced sonde at the office.

—  When the sonde is deployed for discrete measurement, and conditions necessitate use of
a new membrane before the recommended overnight conditioning time, more frequent
calibration checks and possibly recalibration may be needed to ensure accurate DO mea-
surements.* This is not recommended for continuous monitoring applications.

6. Remember to document field preparations and all instrument tests and adjustments in the meter log
book. Do not use an instrument that fails calibration.

CAUTION:

Before handling sodium sulfite, cobalt chloride, or any other chemicals, refer to
safety precautions on the Material Safety Data Sheet (MSDS) for that chemical.

6.2.1.B Calibration of Optical and Amperometric Sensors

Sensor-based instrument systems used to determine DO in water must be calibrated properly before being
deployed. Proper calibration procedures are necessary to ensure the overall accuracy and precision of DO
measurements. Amperometric sensors are more likely to require frequent calibration than optical sensors.
While equipment manufacturers advise performing the calibration in the office laboratory before going
onsite, USGS protocols call for onsite calibration checks and possible recalibration at the field site, as
necessary to meet the specific data-quality requirements of the project.

The accuracy required by the project for sites at which DO will be determined and the capabilities of the
selected instrument will govern whether a one-point calibration will be sufficient or a two-point calibration
should be used. In addition, some manufacturers of the DO equipment commonly used for USGS data-
collection efforts recommend testing of the equipment in a laboratory setting to determine the accuracy of
room-temperature calibrations compared with measurements made under the anticipated warmer or colder
field conditions. Project personnel are advised to be familiar with recommendations from the manufacturer
of their equipment.

» One-point calibration. The main goal of the one-point calibration procedure is to create a 100-per-
cent saturated oxygen environment where the DO sensor (optical or amperometric) and its regulating
thermistor are at the same temperature. Amperometric sensors used in multiparameter instruments, for
the most part, are capable of only a one-point calibration).’

— Procedure 1 (Air calibration chamber in air)
— Procedure 2 (Calibration with air-saturated water)

— Procedure 3 (Air calibration with a wet towel)

* One sensor manufacturer recommends running the DO sensor for at least 15 minutes after a membrane change or if the electrodes were reconditioned. Check
the manual or handbook of your instrument for corroboration.

3> The “Professional Plus” multiparameter instrument (Y SI Incorporated) with amperometric sensor can be calibrated at zero DO and 100 percent saturation.
Other such instruments also may be in production.
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— Procedure 4 (Air calibration chamber in water). Unlike Procedures 1, 2, and 3, this procedure
currently is applied to amperomeric instrument systems only. The potential applicability of this
procedure to calibration of optical sensors is a topic of discussion and review that can be fol-
lowed in the chapter 6 section of the NFM Comments and Errata page (http://water.usgs.gov/owq/
FieldManual/mastererrata.html).

» Two-point calibration (for optical sensors). The two-point calibration typically involves calibration
of the sensor at 100 percent saturation, followed by calibration at zero DO. Only specific makes and
models of optical DO sensors have the capacity to be calibrated to two points. The two-point calibra-
tion adds complexity to the calibration process and is not recommended by all manufacturers of opti-
cal sensors. Be sure first to understand the instrument capabilities and then determine the best course
of action for your field work.

— For routine applications, it is advisable to rely on a zero-DO performance check rather than a
zero-DO recalibration, which would risk corrupting the manufacturer’s zero-DO calibration.

— Use of a two-point calibration should be considered if (a) the calibration is needed to satisfy the
data-quality objectives of the project,® (b) oxygen concentrations of less than 1 mg/L are likely to
be encountered and zero-DO performance tests fail at this concentration level, or (c) the calibra-
tion is deemed necessary by experienced field personnel knowledgeable of site conditions.

— Before starting or planning for a two-point calibration, it is advisable to consult the manufactur-
er’s instructions or technical support for the specific optical DO sensor being used.

— If using a two-point DO calibration, calibrate the DO sensor only after calibrating other field-
measurement sensors to prevent possible interference of the sodium sulfite (zero-DO) solution
with the calibration of the other sensors. Complete the DO calibration at 100 percent saturation
before the zero calibration.

» Sensor-performance checks. Verifying sensor performance (calibration checks) is a required standard
procedure in USGS field operations (see section 6.2.1.A)

— All DO sensors have the capability to undergo a performance check at zero DO as well as at satu-
ration.’

— Verifying instrument performance at zero DO and using the two-point calibration can be particu-
larly important for data accuracy when the instrument will be used to measure low DO concentra-
tions (for example, DO less than 5 mg/L).

Do not use an instrument that fails to calibrate properly.

¢ Although optical instruments undergo zero-calibration procedures by the manufacturer, the accuracy of factory calibrations may not satisfy the data-quality
objectives of some USGS field studies.

71t should be underscored that manufacturers uniformly caution against zero recalibration of sensors but allow for zero DO checks, stipulating the need to
thoroughly rinse the zero-solution from the sensor.
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Correction for Atmospheric Pressure and Salinity

Calibration procedures include corrections for atmospheric pressure and ionic strength (ionic strength

is estimated from the conductivity or salinity measurement for routine field applications). Atmospheric
pressure, the temperature of the water or water vapor, and the ionic strength (estimated by conductivity or
salinity) of the water must be known to determine the theoretical amount of oxygen that can be dissolved
in water. Record all calibration information in instrument log books and copy calibration data onto
field forms at the time of calibration.

TECHNICAL NOTE 3. DO sensors do not actually measure oxygen in milligrams per liter or parts per
million. Both of these expressed concentrations are based on calculations that relate instrument
reading with the temperature and salinity of the sample water. The actual sensor measurement is
proportional to the ambient partial pressure of oxygen, which can be displayed either as percent
saturation or in milligrams per liter, depending on user input.

Ambient atmospheric pressure is true atmospheric pressure at the measurement site, not that which
has been adjusted to sea level. Atmospheric pressure reported by the National Weather Service generally
is not the true (ambient) value. National Weather Service atmospheric readings usually are adjusted to sea
level and must be adjusted back to the elevation of the weather station. Upon request, a weather station
may provide ambient atmospheric pressure.

» Determine the ambient atmospheric pressure to the nearest 1 millimeter (mm) of mercury. A calibrated
pocket altimeter-barometer typically has been used to determine atmospheric pressure; however, many
instruments that now are in common use include an internal barometer.

» Check the accuracy of all field barometers before each field trip (including barometers built into
instrument systems) and record readings and adjustments in the instrument log book. If possible,
check barometer accuracy while at an official weather station. If this is not an option, adjust the offi-
cial weather station barometric pressure to the elevation at the field site at which the barometer reading
is being recorded.

» To correct weather-station readings adjusted to sea level to ambient atmospheric pressure: subtract
appropriate values shown (table 6.2-2, fig. 6.2—1) from atmospheric readings adjusted to sea level
(shown in millimeters of mercury).

Although atmospheric pressure does not decrease linearly with increases in elevation, linear interpolation is
acceptable within the elevation ranges given in table 6.2—2. Alternatively, plot the values from table 6.2-2
and extrapolate subtraction factors directly from the graph (fig. 6.2—1). Section 6.2.5 contains the table of
oxygen solubility at various temperatures and pressures.

Most modern multiparameter instruments (see NFM 6.8) incorporate a pressure-temperature and

salinity compensation algorithm in their firmware for DO measurements; the instruments have a

built-in conductivity sensor that corrects the DO-concentration (in milligrams per liter) data for salinity
automatically. For instruments that are not equipped with a conductivity/specific conductance (SC) sensor,
a manual salinity correction of the DO data would be required.

P If a user-specified salinity correction is needed, the preferred USGS method is to apply salinity cor-
rection factors after calibrating and measuring DO concentration of the environmental water body
(see section 6.2.5). Interactive tables are available for user-specified temperature, pressure, and salinity
at http://water.usgs.gov/software/DOTABLES/.

Chapter A6, Field Measurements 6.2 Dissolved Oxygen, version 3.0



1"

» When a manual salinity correction is made by the user during calibration, the instrument requires

recalibration for each field variation in salinity (see section 6.2.5).

TAKE NOTE: If using a multiparameter sonde that includes a calibrated conductivity

sensor, salinity corrections to the DO concentration reading (in mg/L) are performed
automatically in the sonde; that is, the DO sensor communicates with the SC sensor.

Table 6.2-2. Factors used to correct reported atmospheric pressures that have been adjusted to sea level.

[NGVD, National Geodetic Vertical Datum of 1929]

Elevation of weather station (in Value to subtract
feet, NGVD) (millimeters of mercury)
0 0
1,000 27
2,000 53
3,000 79
4,000 104
5,000 128
6,000 151
8,000 sl e e B R e e e b e B e e e e R s e s e
7,500; 5
7,000; 5
6,500; 5
6,000; 5
5,500 F ]
— b
bos00f 1
Z asof ]
g go00f ]
o So0f ]
= r
g a0 1
= b
S 2s0p .
% 2,0002— e
“ asof 1
1,000 | ]
500 — .
_500 ; ]
_1’000 :umhmhmluuhmluuhmluu\uuluu\uuluu\uuluu\uuluu\uuluu\uuluu\uuluu\uuluu
-0 20 0 20 40 60 80 100 120 140 180 180 200
VALUE TC SUBTRACT FROM ATMOSPHERIC PRESSURE,
IN MILLIMETERS OF MERCURY

Figure 6.2-1. Factors used to correct reported atmospheric
pressures that have been adjusted to sea level. NGVD 1929,
National Geodetic Vertical Datum 1929.
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Selection of Calibration Method

A saturated-oxygen calibration of DO sensors is recommended uniformly by manufacturers, regardless
of which of the following methods is used: Air Calibration Chamber in Air (Procedure 1), Calibration

in Air-Saturated Water (Procedure 2), or Air Calibration with a Wet Towel (Procedure 3). With minor
modifications, these procedures can be applied to a one-point calibration of either luminescent-sensor
(optical) or amperometric instruments (not all instruments allow or can accommodate a two-point
calibration). A fourth method, Air Calibration Chamber in Water (Procedure 4), is described in the section
on calibration for amperometric sensors. Although Procedure 4 has, in some cases, been applied when
calibrating optical sensors, the pressure differentials and aqueous vapor properties at various temperatures
experienced at the field site increases the potential for undetected water droplets on the thermistor and
luminophore membrane and the risk for larger measurement error compared with the other calibration
methods described below. It is important to refer to the manufacturer-provided guidance, as each of the
procedures has inherent advantages and disadvantages and may include instrument-specific sources of
error.

» The saturated-water method (Procedure 2) tends to be favored by manufacturers for calibrations in an
office laboratory because it ensures equilibration of the temperature sensor with the DO amperometric
membrane or the optical luminescence-coated sensor. Procedure 2 is considered to provide the best
accuracy for calibration of optical sensors.

» The air calibration with a wet towel method (Procedure 3) is performed at the field site and is the
method recommended most commonly by manufacturers for calibrating the amperometric (Clark cell)
sensor, given advances in instrument technology. While the Wet Towel method can be used in the
calibration of optical as well as amperometric sensors, the Air Calibration Chamber in Water method is
applicable to amperometric sensors only. In previous versions of this field manual, the Air Calibration
Chamber in Water (Procedure 4) method was published as “Procedure 3.”

e Check DO meter calibration at each field site.

e Calibration of amperometric sensors should be checked each time after
an instrument has been powered off and recalibrated, as necessary.

Optical (Luminescence) DO Sensors: Calibration Procedures

The introduction of luminescence technology to DO field instruments has improved and simplified the
data-collection process for field determination of DO. In addition to being more rugged, having fewer
interferences, and undergoing decreased calibration drift relative to amperometric sensors, optical DO
sensors tend to be more accurate, with accuracy specifications of 0.1 mg/L or 1 percent after calibration.®
This level of accuracy is best achieved by calibrating under controlled conditions in a laboratory or
simulated laboratory environment.

8 USGS field scientists have corroborated the accuracy of the optical sensor to 0.05 mg/L DO by using repeated comparisons of results with the Rhodazine-D
spectrophotometric method described in section 6.2.2 of this field manual (Gerolamo Casile, U.S. Geological Survey, written commun., 2012). These results
can be entered into the USGS NWIS database.
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TECHNICAL NOTE 4. Optical DO sensors often contain internal calibration information from the
manufacturer. Although some manufacturers advise that no further calibration is warranted, the
accuracy of factory calibrations do not necessarily satisfy the data-quality objectives required for
USGS applications. Because the validity of a calibration can substantially affect the overall accuracy and
precision of DO measurements, users are advised to check the calibration frequently in order to meet specific
data-quality objectives.

» Because the optical DO sensors are not subject to drift, shock, or temperature extremes, the office-per-
formed calibration is likely to remain stable after transport to the field; nevertheless, calibrations must
be verified at the field site.’

» The Rhodazine-D spectrophotometric and iodometric methods for DO measurement described in sec-
tions 6.2.2 and 6.2.3, respectively, have been used to check the calibration of these instruments (see
footnote 8).

» All calibration information is to be recorded in instrument-specific log books and the calibration data
copied onto field forms at the time of calibration. Some instruments produce calibration reports gener-
ated by manufacturer-specific firmware; such reports that can be downloaded should be reviewed and
incorporated in the instrument log book.

» Procedure 1 (air calibration chamber in air), Procedure 2 (calibration with air-saturated water) and
Procedure 3 (air calibration with a wet towel) are described below for calibration of optical sensors at
100 percent saturation.

— Refer to the NFM Comments and Errata, chapter 6, for the potential applicability of the “air
calibration chamber in water” method to calibration of optical sensors (http://water.usgs.gov/owq/
FieldManual/mastererrata.html).

— A description of the “air calibration chamber in water” method is given below as Procedure 4 in
the section titled "Amperometric (Clark cell) DO Sensors: Calibration procedures".

Procedure 1: Air calibration chamber in air

This procedure (which is similar to Procedure 3) is commonly used for calibrating handheld optical
DO instruments. Calibration chambers either are built into the instrument case or are provided as separate
components by the manufacturer. Use the calibration chamber that is provided or recommended by the
manufacturer.

1. Wet the inside of the calibration chamber with water and then pour out the water, leaving a few drops.
a. Remove any water droplets on the temperature and optical sensors.

b. Insert the sensor into the chamber (this ensures 100 percent humidity).

» Ifusing a screw-on calibration cup, make sure it is loose and not making an airtight seal in
order to maintain ambient pressure.

» Keep the calibration assembly in a stable temperature environment and out of direct sunlight.

° Laboratory calibration is favored by manufacturers in general, who advise that DO instruments rarely should require recalibration in the field.
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Allow 10 to 15 minutes for the air to saturate with water vapor and for the DO sensor and the air inside
the calibration chamber to equilibrate. If appropriate for the instrument being used, run the instrument
during the equilibration period.

Using a calibration-checked altimeter-barometer, read the ambient atmospheric pressure checked to the
nearest | mm of mercury.

Monitor the temperature and DO outputs in the calibration chamber, observing readings until the
instrument readings stabilize. Read the temperature to the nearest 0.1 °C.

TECHNICAL NOTE 5. To maximize accuracy, a recommended practice is to maintain or approximate
air temperatures during calibration that are within 10 °C of the ambient temperature of the water
to be measured (see Procedure 3 — Wet Towel Method).

If calibrating to a given DO concentration rather than calibrating to a condition of 100 percent satura-
tion, use table 6.2—6 or the online software DOTABLES (http://water.usgs.gov/software/DOTABLES/)
to determine DO saturation at the calibration temperature and atmospheric pressure.

Following the manufacturer’s instructions, adjust the calibration control until the instrument reads the
DO saturation value determined from the oxygen-solubility table.

» Ifusing an instrument that allows calibration simply to a 100-percent saturation condition, all
that may be needed is to provide the ambient atmospheric pressure for the instrument to deter-
mine (with internal software) the resulting DO concentration.

Verify that the instrument reading is within +0.2 mg/L or 2 percent of the computed saturation value, or
use more stringent accuracy criteria that reflect the data-quality requirements of the study.

Remove the sensor from the calibration chamber to check if water droplets were on the optical tip or
membrane during calibration; water droplets on the sensor tip or membrane and on the temperature
sensor can cause improper calibration.

* Recalibrate the instrument if water droplets were present.

» Having followed all the steps above, the DO sensor is now calibrated and ready for use.

Record calibration information in instrument log books and transfer calibration data into electronic
records or onto paper field forms at the time of calibration.

During saturated-air calibration, it is necessary to keep water droplets off of the

optical sensor module (luminescence tip or membrane) and temperature probe.
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Procedure 2: Calibration with air-saturated water

This procedure, in which the DO sensor or instrument system is calibrated in water that is saturated

with oxygen at a known temperature and ambient atmospheric pressure, generally is preferred by
manufacturers for optical-sensor calibration.!® Procedure 2 is considered the most accurate for optical
measurements of DO because the saturated water ensures that all equipment parts equilibrate with water
temperature simultaneously, and the method eliminates the need to check for water droplets on the optical
tip/membrane or temperature sensor. Great care is required, however, to ensure that the water is indeed
saturated with oxygen.

Equipment: Calibration with Air-Saturated Water

1 S5-gallon bucket or manufacturer-provided aeration
chamber

1 10-gallon-aquarium air pump with two outlets

10-foot-length of aquarium pump tubing

2 Gas-diffusion (air) stones

For this procedure, producing aerated water under controlled laboratory conditions is preferred;
calibrate the DO sensor in the office laboratory before departing for the field site (step 4a below).

1. In the laboratory, fill a 5-gallon bucket to three-quarters full with tap water.

2. Attach the pump tubing to the pump and then the two air stones to the ends of the tubing. Place the tub-
ing with air stones at the bottom of the filled bucket.

3. Turn on the pump and aerate the water for a minimum of 30 minutes."
Tip: The pump could be left to operate continuously (24/7) in order to have a ready supply of air-saturated water on hand for calibration in
the laboratory or for transport and calibration in the field.

4. Calibration—Take care to keep air bubbles off of the optical sensor (the luminescence tip or mem-
brane).

a. For laboratory calibration, place the DO sensor (or multiparameter sonde) in the bucket and allow
5 to 10 minutes for the sensor to come to thermal equilibrium with the aerated water. Take care
not to place the sensor over or in the bubbles from the air stone!

b. For field calibration of a handheld DO sensor:

* Fill a 1-gallon (approximately 4-liter) container to three-quarters full with the laboratory-aerated
water for transport to the field. In the field vehicle, shake the container vigorously for 2 minutes
to fully aerate the water and immerse the DO sensor. Allow about 5 minutes for the sensor to
come to thermal equilibrium with the aerated water.

* Alternatively, use the Wet Towel Method (Procedure 3).

5. Read and record the temperature of the calibration water to the nearest 0.1 °C.

19 Some manufacturers provide the necessary aeration equipment with the instrument.

' Previous versions of this procedure described in this field manual specified that a sensor or sonde be immersed in the water while the water is being aerated
with a battery-operated aquarium pump. Owing to uncertainties in pump quality, battery power, and possible supersaturation, this technique is not universally
recommended by the manufacturers who reviewed this protocol and has been modified accordingly. If the former procedure is used, it is imperative to avoid
placing the sensor in the stream of air bubbles.
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6. Using a calibration-checked altimeter-barometer, determine the ambient atmospheric pressure to the
nearest 1 mm of mercury.

7. Using oxygen-solubility table 6.2—6 or the online software DOTABLES (http://water.usgs.gov/
software/DOTABLES/), determine the DO saturation value at the measured temperature and atmo-
spheric pressure of the calibration water. (Refer to section 6.2.5 and table 6.2—7 for salinity correc-
tions.)

8. Verify that the instrument reading is within +0.2 mg/L or 2 percent of the computed saturation value.
Alternatively, use more stringent accuracy criteria that reflect the data-quality requirements of the
study. If the field calibration or calibration check fails to meet the established criterion, (a) use a dif-
ferent instrument (if available), and (b) do not collect or report data using an instrument that has failed
calibration.

9. Record calibration information in instrument log books and transfer calibration data into electronic
records or onto paper field forms at the time of calibration.

For accurate calibration, ensure that the water is 100 percent saturated

with oxygen (see step 4b above).

Procedure 3: Air calibration with a wet towel

For many multiparameter instruments a 100-percent humidity environment can be created by wrapping
a moist towel around the sensor guard and inserting into a plastic bag. The Wet Towel Method i1s almost
identical to Procedure 1, the main difference being that the sensor (or sonde) guard will be wrapped in a
wet towel instead of being inserted into a calibration cup or chamber.

Equipment: Calibration with a Wet Towel

1 Towel, sized so that it will wrap around the sensor at least two full wraps

1 Trash bag, clear or white plastic

1. Bring sensor to thermal equilibrium.

a. If attempting to match the temperature of the water being monitored (for example, stream, lake,
or groundwater), place the sensor directly in the water body (alternatively, for groundwater, into a
flowthrough cell through which well water is being pumped continually).

b. Allow 5 to10 minutes for thermal equilibration of the sensor with ambient water temperature until
temperature readings have stabilized.

2. Once temperature readings are stable, soak the towel either (a) in the water for DO measurement, or
(b) with tap or deionized water.
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3. Remove the towel, wring it out, and then wrap the wet towel completely around the sensor guard, cup,
or chamber, two full wraps or more.

* As you wrap the sensor, ensure that no water droplets are either on the temperature sensor or on
the luminescent sensor (sensor tip or membrane).

* Place the wrapped sensor into the plastic bag and keep it out of direct sunlight in order to keep
the temperature from changing.

4. Allow 10 to 15 minutes for the air to saturate with water vapor and for the DO sensor and the air inside
the towel (calibration chamber) to equilibrate. Run the instrument during the equilibration period, if so
directed by manufacturer instructions.

5. Using a calibration-checked altimeter-barometer, read the ambient atmospheric pressure checked to the
nearest 1| mm of mercury.

6. Monitor the temperature and DO outputs and observe readings until the instrument stabilizes. Read the
temperature to the nearest 0.1 °C.

7. If calibrating to a DO concentration rather than to 100 percent saturation, use the oxygen-solubility
table 6.2—6 or the online software DOTABLES (http://water.usgs.gov/software/DOTABLES/) to deter-
mine the DO saturation concentration at the measured temperature and atmospheric pressure.

8. Following the manufacturer’s instructions, adjust the calibration control until the instrument reads the
DO saturation value determined from the oxygen-solubility table.

» Ifusing an instrument that allows calibration only to 100 percent saturation, all that may be
needed is to provide the ambient atmospheric pressure and the instrument will determine the
resulting DO concentration internally.

* Verify that the instrument reading is within £0.2 mg/L or 2 percent of the computed saturation
value, or use more stringent accuracy criteria that reflect the data-quality requirements of the
study.

9. Remove the sensor from the towel and check if any water droplets were on the membrane. Water drop-
lets on the membrane and temperature probe can cause improper calibration.

* Recalibrate the instrument if water droplets are observed.

* Having followed all the steps above, the DO sensor is now calibrated and ready for use.

10. Record calibration information in instrument log books and transfer calibration data into electronic
records or onto paper field forms at the time of calibration.
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Amperometric (Clark cell) Do Sensors: Calibration Procedures

The calibration and operation of amperometric instruments differ among instrument types, makes, and
models—refer to the instrument manual provided by the manufacturer. Calibration for amperometric sen-
sors typically is performed using one of the following procedures for a one-point calibration at 100 percent
saturation:

» Procedure 1 (Air Calibration Chamber in Air)

» Procedure 2 (Calibration with Air-Saturated Water)
» Procedure 3 (Air Calibration with Wet Towel )

» Procedure 4 (Air Calibration Chamber in Water)

Manufacturers recommend different calibration frequencies for membrane-electrode (amperometric) DO
meters. Depending on equipment capabilities, instrument performance and data quality can be enhanced by
checking sensor performance; that is, making calibration checks as frequently as needed or as directed by
project protocols. Sensor manufacturers generally agree that optimum performance and data quality will

be obtained by frequent calibration and performance checks. Sensor performance checks at zero DO are
implemented routinely by trained USGS field personnel (see section 6.2.1.B).

Tip: Many amperometric DO sensors require the meter to be powered on for 10 to 15 minutes before calibration (and use) to
stabilize the probe. Refer to the manufacturer’s instrument-specific guidelines for the requirements of your instrument.

Procedure 1: Air calibration chamber in air

This procedure, similar to Procedure 3, is the most commonly used method for amperometric
instruments. Calibration chambers are either built into the instrument case or are provided as separate
components by the manufacturer. Use the calibration chamber provided or recommended by the
manufacturer.

1. Wet the inside of the calibration chamber with water, then pour out the water (but leave a few drops).

2. Remove any water droplets on the sensor membrane and temperature sensor, then insert the sensor into
the chamber (this ensures 100 percent humidity).

+ Ifusing a screw-on calibration cup, ensure it is loose (not making an airtight seal) to avoid
causing a change in the pressure around the sensor compared to the onsite barometric pressure.
Alternatively, consider using the Wet Towel Method (Procedure 3).

* Be sure to keep the DO assembly in a stable temperature environment and out of direct sunlight,
as applicable for the instrument in use.

3. Allow 10 to 15 minutes for the air to saturate and for the DO sensor and the air inside the calibration
chamber to equilibrate. Apply power to the instrument during the equilibration period, as applicable for
the instrument in use.

4. Using a calibration-checked altimeter-barometer, read the ambient atmospheric pressure checked to the
nearest 1 mm of mercury.
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Monitor the temperature and DO outputs in the calibration chamber and observe readings until the
instrument stabilizes. Read the air temperature in the chamber to the nearest 0.1 °C. To the degree pos-
sible, the temperature in the chamber should approximate the temperature of the water body in which
DO will be determined within about 10 °C.

TECHNICAL NOTE 6. Most instrument manufacturers recommend calibrating at temperatures that
are at least within 10 °C of the ambient water temperature. The most accurate calibration will

be achieved if the temperature difference between the environmental water and the calibration
chamber is minimized as much as possible (see Procedure 3, the Wet Towel Method, for addi-
tional information). In addition, the manufacturers of DO equipment that currently (2013) is in
common use for USGS data-collection efforts advise testing the equipment in a laboratory setting
to determine the accuracy of room-temperature calibrations compared with measurements made
under the anticipated warmer or colder field conditions.

If calibrating to a DO concentration rather than to a 100-percent saturation condition, use the oxygen-
solubility table 6.2—6 or the online software DOTABLES (http://water.usgs.gov/software/DOTABLES/)
to determine the DO saturation value at the measured temperature and atmospheric pressure.

Following the manufacturer’s instructions, adjust the calibration control until the instrument reads the
DO saturation value determined from the oxygen-solubility table.

* If using an instrument that allows calibration simply to a 100-percent saturation condition, all
that may be needed is to provide the ambient atmospheric pressure and the instrument will deter-
mine the resulting DO concentration internally.

* Verify that the instrument reading is within £0.2 mg/L or 2 percent of the computed saturation
value, or use more stringent accuracy criteria that reflect the data-quality requirements of the
study. If the criteria are not met, repeat the calibration procedure after checking for water drop-
lets in step 2 above.

Remove the sensor from the calibration chamber and again check for water droplets on the membrane.
Water droplets on the membrane and temperature sensor can cause improper calibration.

* Recalibrate the instrument if water droplets are observed.
* Having followed all the steps above, the DO sensor is now calibrated and ready for use.

Record calibration information in instrument log books and transfer calibration data into electronic
records or onto paper field forms at the time of calibration.
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Procedure 2: Calibration with air-saturated water

In this procedure, the DO sensor or instrument system is calibrated in water that is saturated with oxygen at
a known temperature and ambient atmospheric pressure. Manufacturers advise that the calibration with
air-saturated water is best done in the laboratory under controlled conditions.'

Equipment: Calibration with Air-Saturated Water

5-gallon bucket or manufacturer-provided aeration
chamber

10-gallon-aquarium air pump with two outlets

10-foot-length of aquarium pump tubing

Gas-diffusion (air) stones

In the laboratory, fill the 5-gallon bucket about three-quarters full with tap water.

Using two air stones, saturate the water for at least 30 minutes before use. However, some manufactur-
ers recommend that the pump be left on continuously (24/7) so that the water is always saturated and
ready to use.

Place the DO sensor in the water, avoiding contact with the bubble stream, and allow the sensor to
come to thermal equilibrium.

Read the temperature of the calibration water to the nearest 0.1 °C.

Using a calibration-checked altimeter-barometer, determine the ambient atmospheric pressure to the
nearest | mm of mercury.

Move the sensor so as to ensure a 1 foot per second (ft/s) flow across the membrane; alternatively,
use a sensor that is equipped with a stirrer. Ensure that sufficient flow passes over the DO sensor during
the saturated-water calibration method as well as when making a field measurement.

* Move the sensor to stir the water, using either a horizontal stirring motion or a “teabag” dipping
motion. Take care not to remove the sensor from the water.

* The DO reading may rise as the water is stirred.
» After the DO reading has peaked and is stable, start to calibrate the DO sensor.

* Maintain this flow rate while monitoring measurements and adjusting the instrument calibration.

TECHNICAL NOTE 7. The various types of amperometric sensors can have different levels of flow
dependency; however, the 1 ft/s flow is not detrimental to sensors with little or no flow depen-
dence.

Using the oxygen-solubility table 6.2—6 or the online software DOTABLES (http://water.usgs.gov/
software/DOTABLES/), determine the DO saturation value at the measured temperature and atmo-
spheric pressure of the calibration water. (Refer to section 6.2.5 and table 6.2—7 for salinity correc-
tions.)

12 Field calibrations with battery-powered pumps are not recommended by manufacturers who reviewed this report (see footnote 11). Trained USGS field

personnel have, however, demonstrated success using Procedure 2 in the field.
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8. Verify that the instrument reading is within +0.2 mg/L or 2 percent of the computed saturation value, or
use more stringent accuracy criteria that reflect the data-quality objectives of the study.

» Having followed all the steps above, the DO sensor is now calibrated and ready for use.

9. Record calibration information in instrument log books and transfer the calibration data into electronic
records or onto paper field forms at the time of calibration.

For accurate calibration, ensure that the water is 100 percent saturated with oxygen.

Procedure 3: Calibration with a Wet Towel

This method is almost identical to Procedure 1, the main difference being that the sensor (or sonde) guard
will be wrapped in a wet towel instead of being inserted into a calibration cup or chamber.

Equipment: Wet-Towel Calibration

1 | Towel, sized so that it will wrap around the sensor at least two full wraps

1 | Trash bag, clear or white plastic

—

Bring the sensor to thermal equilibrium.

* If attempting to match the temperature of the water being monitored (for example, stream, lake,
or groundwater), place the sensor directly in the water body (alternatively, for groundwater, into
a flowthrough cell through which well water is being pumped continually).

+ Allow 5 to10 minutes for thermal equilibration of the sensor with the ambient water temperature
until temperature readings have stabilized.

2. Once temperature readings are stable, soak the towel either (a) in the environmental water for DO mea-
surement, or (b) with tap or deionized water.

3. Remove the towel, wring it out, and wrap the wet towel completely around the sensor guard, cup, or
chamber, two full wraps or more.

* As you wrap the sensor, ensure that no water droplets are either on the temperature sensor
or on the sensor tip or membrane.

* Place the wrapped sensor into the plastic bag and keep it out of direct sunlight to keep the tem-
perature from changing.

4. Allow 10 to 15 minutes for the air to saturate with water vapor and for the DO sensor and the air inside
the towel (calibration chamber) to equilibrate. Run the instrument during the equilibration period, if so
directed by manufacturer instructions.

5. Using a calibration-checked altimeter-barometer, read the ambient atmospheric pressure to the nearest
1 mm of mercury.

6. Monitor the temperature and DO outputs and observe readings until the instrument stabilizes. Read the
temperature to the nearest 0.1 °C.

Chapter A6, Field Measurements 6.2 Dissolved Oxygen, version 3.0



22 USGS National Field Manual for the Collection of Water-Quality Data

7. 1If calibrating to a specific DO concentration rather than to 100 percent saturation, use the oxygen-sol-
ubility table 6.2—6 or the online software DOTABLES (http://water.usgs.gov/sofiware/DOTABLES/) to
determine the DO saturation value at the measured temperature and atmospheric pressure.

8. Following the manufacturer’s instructions, adjust the calibration control until the instrument reads the
DO saturation value determined from the oxygen-solubility table.

+ Ifusing an instrument that allows calibration to 100 percent saturation, all that may be needed is
to provide the ambient atmospheric pressure and the instrument will determine the resulting DO
concentration internally.

* Verify that the instrument reading is within £0.2 mg/L or 2 percent of the computed saturation
value, or use more stringent accuracy criteria that reflect the data-quality requirements of the
study or program.

9. Remove the sensor from the towel and check if any water droplets are on the membrane. Water droplets
on the membrane or temperature sensor can cause improper calibration.

* Recalibrate the instrument if water droplets are observed.

* Having followed all the steps above, the DO sensor is now calibrated and ready for use.

10. Record calibration information in instrument log books and transfer calibration data into electronic
records or onto paper field forms at the time of calibration.

Water droplets on the DO membrane and thermistor will result in improper

calibration. Recalibration is required if water droplets are observed.

Procedure 4: Air calibration chamber in water

A specialized air-calibration chamber permits calibration of the DO sensor at the temperature of the

water in which DO concentration is to be measured. This calibration procedure minimizes errors caused
by temperature differences; for example, at sites having field conditions with a wide disparity between
ambient air and water temperature. For many multiparameter water-quality instruments, the manufacturer-
provided groundwater flow cell may be modified and used as an air calibration chamber in water.'* The
modification requires the cell to be mounted on the sonde with one port of the cell tightly plugged and the
other port vented to the atmosphere with tubing. The method is subject to large errors, especially in cold
temperatures, if the port is not adequately vented to the environment. Before using this method, check
with the manufacturer for its applicability to the instrument to be used.

1. Insert the sensor probe and calibration chamber into the surface water or groundwater to be measured.
Once the temperature readings stabilize (allow 10 to 15 minutes), remove the sensors and calibration
chamber from the water to be measured. Empty the calibration chamber, leaving a few drops of water.

* Check for and remove any water droplets on the sensor membrane and the thermistor.

* Insert the DO sensor into the wet chamber (this ensures 100 percent humidity).

13 Air calibration chambers for in-water calibrations no longer are available on the open market (for example, the YSI 5075A calibration chamber is no longer
manufactured).
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* Check that the port is adequately vented, that no water can leak into the calibration chamber,
and that droplets of water are not adhering to the membrane and thermistor. The water droplets
reduce the rate of oxygen diffusion through a membrane, producing erroneous results.

2. Immerse the calibration chamber into the water to be measured. Allow 10 to 15 minutes for the air tem-
perature inside the chamber to equilibrate with the water (see TECHNICAL NOTE 6 in Procedure 1).

* For streams, choose an area of the stream that closely approximates mean stream temperature. In
shallow streams, try to place the chamber in an area that represents the stream but that is shaded
from direct sunlight.

» For groundwater, use temperature-stabilized purge water or other clean water having a tempera-
ture that closely approximates that of the groundwater.

3. Using a calibration-checked pocket altimeter-barometer, determine the ambient atmospheric pressure to
the nearest 1 mm of mercury.

4. Read the temperature within the chamber to the nearest 0.1 °C, using a calibrated thermometer (NFM
6.1).

* The temperature inside the chamber should approximate the water temperature.

* If the two temperatures do not match, allow additional time for equilibration of the chamber with
the water temperature.

+ If the temperature of the chamber still does not approximate the water temperature, the thermis-
tor in the DO sensor might be malfunctioning. Compare water temperature measured by the DO
meter and a calibrated field thermometer. If the two measurements vary by more than +0.5 °C,
the calibration should be discontinued and the DO meter thermistor should be repaired following
the manufacturer’s recommendations.

5. Use table 6.2—6 (section 6.2.5) to determine the DO saturation value at the measured water temperature
and atmospheric pressure. If a salinity correction will be applied during calibration, consult the instruc-
tions in section 6.2.5 and table 6.2—7.

6. Following the manufacturer’s instructions, set or adjust the calibration control until the instrument
reads a DO saturation value determined from oxygen solubility (table 6.2—-6).

* Verify that the instrument reading is within =0.2 mg/L of the computed saturation value, or use
more stringent accuracy criteria per the data-quality objectives of the study.

 Verify that no water droplets are on the membrane or thermistor. Recalibrate the instrument if
water droplets are observed.

» Having followed all the steps above, the DO sensor is now calibrated and ready for use.
» Remove the sensor from the calibration chamber for cleaning and storage.

7. Record calibration information in instrument log books and transfer calibration data into electronic
records or onto paper field forms at the time of calibration.

Water droplets on the DO membrane and thermistor will result in improper

calibration. Recalibration is required if water droplets are observed.
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6.21.C Measurement

The solubility of oxygen in water depends on the partial pressure of oxygen in air, the temperature of the
water, and the content of dissolved solids in the water.

» The higher the atmospheric pressure and the lower the temperature and conductivity, the more oxygen
can be dissolved in the water.

» Degassing, mineral precipitation, and other chemical, physical, and biological reactions can cause the
DO concentration of a water sample to change substantially within minutes after sample collection.
These sample reactions are especially important when sampling groundwater that is not in equilibrium
with the atmosphere.

The solubility of oxygen in water decreases as salinity increases. Correction factors for salinity normally
are applied after measuring DO for single-point samples; however, for continuously deployed DO probes
on multiparameter instruments that include calibrated specific-conductance sensors, it is wise to activate
the instrument’s internal salinity correction algorithms to account for a dynamically changing environment.
Information that pertains to oxygen solubility and salinity is given in section 6.2.5, including the link to

an on-line program that generates tables of DO solubility values and (or) salinity correction factors over a
range of user-specified temperature, pressure, and salinity or specific conductance (http://water.usgs.gov/
software/DOTABLES/ accessed March 11, 2013).

Surface water

Standard determinations of DO in riverine surface water represent the cross-sectional median or mean
concentration of dissolved oxygen at the time of observation.

» Multiparameter instruments (sondes) are in common use for USGS measurement of DO and other
field properties, both for in situ discrete measurements in surface water and for short- or long-term
deployment in streams, lakes and reservoirs, and other bodies of surface water. Refer to NFM 6.8,
Wagner and others (2006), and manufacturer guidance for additional information regarding the siting
and use of multiparameter instruments.

» Measuring the DO concentration at one distinct point in a cross section is valid only for flowing water
with a cross-sectional DO variation of less than 0.5 mg/L. Discerning such variation requires a recon-
naissance cross-section measurement. Measurements made at multiple locations in the cross sec-
tion are recommended as a routine practice, when possible.

» Determining DO concentration for a single channel at the centroid of flow at the midpoint of the verti-
cal only represents the cross section under ideal mixing conditions.

» Do not measure DO in or directly below sections with turbulent flow, in still water, or from the bank,
unless these conditions represent most of the reach or are required to fulfill study objectives.

P Verify whether or not the instrument in use applies salinity corrections automatically. If not, apply a
salinity correction to the saturation values after the DO measurement, referring to section 6.2.5 and
table 6.2-7.

Dissolved oxygen must be measured in situ.

Never measure DO in subsamples from a sample splitter or other vessel.
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Follow the steps below to measure DO in surface water:
1. Calibration checks:

 Check that the thermistor is accurate and that its calibration has been certified by the USGS
Water Science Center within the past 12 months; more frequent calibration checks are performed
in the field, depending on the field conditions encountered (see NFM 6.1.2.B for specifics).

* Check the performance of the DO sensor at saturation and zero DO (refer to section 6.2.1.B).

« If a calibration adjustment is necessary or if it is required to address program protocols, data-
quality requirements, or site-specific conditions, calibrate the DO sensor onsite, in accordance
with the procedures described in section 6.2.1.B.

2. Examine the variation in DO measured at multiple locations along the cross section (if this reconnais-
sance step was performed) to help select the sampling method (NFM 6.0):

* Flowing, shallow stream—Wade to the location(s) where DO is to be measured.

* Stream too deep or swift to wade—Lower a weighted DO sensor with a calibrated temperature
sensor from a bridge, cableway, or boat.

— Do not attach the weight directly to the sensors or sensor cables, because this could damage
the sensors or sensor cables.

— To avoid damaging sensors or cables, contact the instrument manufacturer or vendor for
information regarding the weights approved for use with the instrument and how to attach
them.

+ Still-water conditions—Measure DO at multiple depths at several points in the cross section
(see TECHNICAL NOTE 8).

» Lakes and reservoirs—Measure DO at a series of specific depths to determine a vertical pro-
file at each location of interest (see TECHNICAL NOTE 8).

TECHNICAL NOTE 8. For amperometric sensors: If the water velocity at the point of measure-
ment is less than about 1 ft/s, use a stirring device to increase the flow velocity.™

» To hand stir, raise and lower the sensor at a rate of about 1 ft/s, but do not break the
surface of the water. The stir-by-hand method may not be appropriate in lakes, reservoirs,
or slow-moving waters (for example, bayous); these water bodies may be stratified at the
point of measurement, making accurate DO measurements impossible with a non-stirred
amperometric DO probe. This could be especially problematic in areas where DO concen-
trations change substantially over short distances, such as near the thermocline or bottom
sediments.

* High stream velocity also can cause erroneous DO measurements.

3. Immerse the DO and temperature sensors directly into the water body and allow the sensors to equili-
brate to the water temperature (no less than 60 seconds).

4. Record the temperature without removing the sensor from the water.

14 Refer to footnote 3 if using a YSI “Rapid Pulse” sensor, for which a stirrer is not needed.
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5. After the instrument reading has stabilized, record the median DO concentration (see NFM 6.0). The
reading should stabilize to within 0.2 mg/L.

6. For EWI, EDI, or multiple-vertical measurements, proceed to the next station in the cross section and
repeat steps 3 through 5. When measurements for the stream have been completed, remove the sensor
from the water, rinse it with deionized water, and store it according to the manufacturer’s instructions.

7. Record DO concentrations on the field forms:
* In still water—Median of three or more sequential values.

» EDI—Mean value of all subsections measured (use the median if measuring one vertical at the
centroid of flow).

« EWI—Mean (or median) of all subsections measured.

Groundwater

Before the concentration of DO in groundwater can be determined, standing water must be evacuated
from the well to ensure that measurements of DO concentration in the well will be representative of
formation-water concentration. An adequate well purge ensures the flow of freshwater from the formation
into the well (refer to NFM 4.2 and NFM 6.0.3.A for detailed information). Measurement of ambient DO
concentrations in groundwater additionally requires use of equipment and procedures that avoid aeration
and mitigate losses or gains of dissolved gases in the water being sampled. A bailed sample, for example,
is inadmissible for DO measurement because the field sample-decanting process exposes the sample to the
atmosphere (NFM 6.0.3); this provision likewise applies to any type of sampling device from which the
sample is brought in contact with air when transferred to a measurement or analysis vessel.

Project or program data-quality requirements and objectives, site characteristics, and equipment
availability will dictate whether (a) measurements will be made in situ (DO measured downhole) or ex
situ (DO measured above land surface, the inline-flow procedure), and if (b) optical, amperometric, or
spectrophotometric methods will be used for DO measurement. This section addresses the use of optical
and amperometric sensors, for which the lower threshold for measurement of aqueous DO concentrations
is from 1 to 2 mg/L, depending on the instrument being used and the accuracy required." If the
anticipated DO concentration is less than 1.0 mg/L, consider use of spectrophotometric methods
(section 6.2.2).!°

» If using an optical-sensor instrument at DO less than 1.0 mg/L, first perform a zero-DO calibration
check or calibration (instrument permitting), and document the results.

» When anticipating DO concentrations in the hypoxic or suboxic range on a routine or regular basis,

— Optical sensor: Readings to 0.05 mg/L should be verified using the methods described in sec-
tions 6.2.2 or 6.2.3. The presence of hydrogen sulfide, however, will not affect the accuracy of the
measurement.

— Amperometric sensor: The sensor can be adversely affected by hydrogen sulfide and misread the
true DO value.

13 The accuracy of DO measurements to 0.05 mg/L with an optical sensor has been field verified against Rhodazine-D spectrophotometric measurement on
numerous occasions by USGS field-methods instructors (Gerolamo Casile, U.S. Geological Survey, oral commun., 2012).

' Note that spectrophotometric methods for determining DO concentration generally are not approved by the U.S. Environmental Protection Agency for
regulatory assessments.
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Refer to NFM sections 6.0.1 and 6.0.3 for guidance related to the selection, preparation, and procedures
for in situ and ex situ measurement of field-determined properties. Study objectives and site characteristics
will dictate the specific method selected. Select the field-measurement system that best fits the
requirements for the data-collection effort.

» Downhole (in situ) measurement (see NFM 6.0.3.B). Submersible multiparameter sondes and
single-parameter sensors are deployed downhole to the targeted depth interval. Deployment typically
involves data collection for a single field trip. The sonde or sensor sometimes is deployed for unat-
tended monitoring, but the appropriate conditions and protocols must be followed (see NFM 6.8).
Use of the optical DO sensor makes longer-term deployment more practical, compared to that of the
amperometric sensor.

» Inline flowthrough cell/chamber (ex situ) measurement. Sample is pumped directly (inline) to an
airtight, transparent chamber or manufacturer-provided cell having either (1) leak-proof ports (com-
pression fittings) that accommodate either the optical or amperometric DO single-parameter sensor
(and other single-parameter sensors), or (2) a multiparameter sonde instrumented with either an optical
or amperometric DO sensor. NFM 6.0, figure 6.0-3, diagrams a flowthrough cell system; figure 6.0-5
charts downhole and inline sampling processes.!”

— Sample is transferred using a positive-displacement submersible pump fitted with high-density
plastic or fluorocarbon-polymer tubing that is relatively gas impermeable.

— Use of transparent materials for the tubing and chamber is needed to allow checking for air
bubbles in the water stream or adhering to the sides of the tubing and flowthrough cell or cham-
ber (that have been introduced as an artifact of the sampling procedure, as distinguished from gas
bubbles that are native to the formation water). Such air bubbles add significant error to low-level
DO measurements and should be excluded (A.F. White, U.S. Geological Survey, written com-
mun., 1993).

— Protect exposed sample tubing and the flow-through cell or chamber from direct sunlight.

Do not measure groundwater DO concentration in a sample extracted from a bailer

or other sampling device that results in sample exposure to the atmosphere.

Follow the steps below to measure DO in groundwater:

1. Calibration checks: Check the performance of the DO sensor at saturation and zero DO (refer to section
6.2.1.B).

* Check that the thermistor gives an accurate reading and that its calibration has been verified by
the USGS Water Science Center within the past 12 months (see NFM 6.1).

* Check the performance of the DO sensor at saturation and zero DO (refer to section 6.2.1.B).

+ Iffield calibration is necessary or if it is required to address program protocols, data-quality
requirements, or site-specific conditions, calibrate the DO sensor in accordance with the proce-
dures and restrictions described in section 6.2.1.B.

17 See section 6.0, “General Information and Guidelines,” in chapter 6 of this field manual (http://water.usgs.gov/owq/FieldManual/Chapter6/
6.0 _contents.html).
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2. Install the DO equipment (see NFM 6.0 for more detailed instructions):

* Downbhole system—Lower the DO and temperature sensors to the measuring point, followed
by the pump, to monitor DO variation during purging. When an amperometric sensor is used,
water needs to flow past the sensor at a velocity of no less than 1 ft/s; attach a mechanical stir-
rer, if necessary, to maintain this velocity. The optical sensor is not flow dependent.

* Inline flowthrough system—Refer to NFM 6.0 for installation guidelines. If sensors are to be
installed in a flowthrough cell or chamber, install the DO sensor immediately downstream of
the point of sample inflow. For a system using a multiparameter instrument sonde, install the
sonde in the flowthrough cell provided by the manufacturer and in accordance with manufac-
turer instructions. Be sure to:

— Install the DO sensor through an airtight grommet, if using a chamber instrumented with
single-parameter sensors. Check that the seal around the DO sensor is intact and that the
sensors are properly immersed.

— Shield the sample tubing and flowthrough cell/chamber from direct sunlight to minimize
changes to sample temperature (this step is most critical for users of amperometric sensors).

— Dislodge and flush entrained air bubbles from the tubing walls and flowthrough chamber by
tapping the tubing with a blunt tool (see TECHNICAL NOTE 9 below). Note that air bub-
bles are an indication of air leakage into the sampling system and should be distinguished
from gas bubbles that could be native to formation water chemistry.

— Check for and eliminate backpressure in the flowthrough chamber.

3. If using an amperometric instrument, be sure to maintain constant, laminar flow past the DO sensor
(refer to footnote 3). Measure and record DO at regular intervals throughout purging. Allow the sensors
to equilibrate with groundwater for 5 minutes or more at the flow rate to be used for sampling.

4. Check the stability (measurement variability) of DO toward the end of purging.
The stability criterion is met when five consecutive readings made at regularly spaced intervals of 3 to
5 minutes or more are within +£0.2 mg/L. (For each reading, monitor fluctuations for 30 to 60 seconds
and record the median value, if necessary.) If the 0.2 mg/L criterion is not met, increase the purge
period in accordance with study objectives and continue to record measurements at regularly spaced
time intervals.

5. Report sample DO as the median of the final five DO readings recorded. Record on field forms any dif-
ficulty with stabilization.

6. Remove the sensor from the water and rinse it with deionized water.

Air bubbles in the lines and flowthrough chamber can add substantial error

to DO readings in low DO or oxygen depleted groundwater.
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TECHNICAL NOTE 9. Anomalously high DO measurements commonly are caused by aeration of
groundwater during pumping. This can result from air leakage through loose fittings on produc-
tion-well pumps (for example, turbine pumps) and also if drawdown in the aquifer introduces air
into the cone of depression or through well-screen perforations. To avoid these problems, review
information about the pump, well-construction and drawdown data, and previous data records
(A.F. White, U.S. Geological Survey, written commun., 1993).

6.2.1.0 Troubleshooting for Amperometric Instruments

The troubleshooting suggestions given in table 6.2—3 are for amperometric instruments and are not
exhaustive; consult the manufacturer of your amperometric instrument for additional guidance. For
problems with calibration or measurement using optical sensors, periodically wipe the sensor with a wet
cloth. Do not wipe the Teflon membrane; rather, remove water droplets by shaking or other means. Wiping
the Teflon membrane may scratch the membrane, resulting in erroneous readings. If problems with the
amperometric sensor persist, consult the manufacturer. Faulty batteries can cause erratic readings.

» Check the voltage of the batteries.

P Start with good batteries in the instrument and carry spares.

Table 6.2-3. Troubleshooting guide for amperometric instruments.

Symptom Possible cause and corrective action

Instrument drifts or takes excessive time to stabilize * Thermal equilibrium of water and sensor has not
been reached—wait longer.

* Weak batteries—replace.

» DO sensor needs maintenance—recondition.

Erratic instrument readings * Break in cable—replace cable.

 Faulty connection at instrument or sensor—clean
contact and tighten.

* Hole in membrane—replace membrane, recondi-
tion.

+ Air bubble in sensor—recondition sensor.

* Weak batteries—replace.

Instrument too slow to react * Gold or silver cathode tarnished—buff with pencil
eraser, manufacturer-provided polishing paper, and
recondition sensor.

* Fouled membrane—replace membrane and recondi-
tion sensor.

Instrument will not read zero in sodium sulfite solution * Solution contains oxygen—make fresh solution.
¢ Instrument still does not read zero— replace mem-
brane and recondition sensor.

Instrument cannot be calibrated to read standards * Unable to adjust upward—check to see if more than
one membrane is on the sensor.

» Unable to adjust downward (membrane is probably
too tight or too thin)—replace membrane.

Instrument reads inaccurate temperature + Faulty thermistor or cable—repair or replace.
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6.22 Spectrophotometric (Rhodazine-D and Indigo-Carmine) Methods

Various spectrophotometric methods (see TECHNICAL NOTE 10) are available for determining DO

over a broad range of concentrations. The information given in this section, however, is limited to the
application of spectrophotometric analysis of Rhodazine-D'® and Indigo-Carmine reagents for determining
DO concentrations in relatively oxygen-deficient (hypoxic) and anoxic'® waters; that is, DO concentration
from about 2 to zero mg/L.?° The option to measure DO by spectrophotometry in the higher concentration
ranges generally is selected when field conditions limit use of optical or amperometric sensor methods.
(Non-instrumental analyses of Rhodazine-D and Indigo-Carmine reagent indicators also are available for
measuring aqueous DO concentrations, but the analysis can be subject to considerable operator variability,
is not applicable to standard USGS field protocols, and is thus beyond the scope of this guidance.)

TECHNICAL NOTE 10. The purpose of photometry is to measure light in a way that takes the
sensitivity of human visual system into account. Photometry only measures in the visible spec-
tral region from 360 nm to 830 nm, where human eyes are sensitive. Spectrophotometry is the
quantitative measurement of the reflection or transmission properties of a material as a function
of wavelength. The National Institute of Standards and Technology (NIST) maintains the national
scales for reflectance and transmittance in the ultraviolet, visible, and near-infrared spectral
regions; that is, 250 nm to 2,500 nm (see http.//www.nist.gov/pml/div685/grp03/photometry.cfm, and
http://www.nist.gov/pml/div685/grp03/spectrophotometry.cfin).

Spectrophotometric methods for DO measurement have been used in USGS field work for measuring

DO in oxygen-depleted groundwater and can be adapted for work in oxygen-depleted zones of lakes

and reservoirs, but are not approved by the U.S. Environmental Protection Agency for application to
regulatory assessments. The Rhodazine-D spectrophotometric method for determining DO in groundwater
was introduced by White and others (1990) as a means for obtaining accurate DO data for groundwater at a
time when sensor methods lacked the capability of in situ measurement.

» The Rhodazine-D spectrophotometric method is applicable to a range from 0.1 to 1.0 mg/L dissolved
oxygen in aqueous environments. The Rhodazine-D (phenzone dye) compound, in reduced form,
reacts with dissolved oxygen to form a deep rose to red-purple reaction product.

» Low-level Indigo-Carmine spectrophotometric methods are applicable to DO concentration ranges
from either 0.006 to 0.8 or 0.2 to 2.0 mg/L, depending on the specific manufacturer kit (“ampul” or
“ampoule” kit) being used for the range of interest. Indigo Carmine reacts with the dissolved oxygen
present in the sample to form a highly colored blue reaction product.

» As mentioned previously, USGS technical staff have documented optical sensor measurements®' at
DO concentrations of 0.05 mg/L and Rhodazine-D spectrophotometric readings to be of comparable
accuracy. To date, these findings have not been published or verified using different types of optical
sensors. Before measuring and reporting hypoxic to anoxic DO concentration data from optical

18 Rhodazine-D™ is a proprietary product of CHEMetrics, Inc. (White and others, 1990).

19 Hypoxic: Hypoxia —“A condition in which natural waters have a low concentration of dissolved oxygen (about 2 milligrams per liter compared with a
normal level of 8 to 10 milligrams per liter). Stevenson and Wyman (1991); http://toxics.usgs.gov/definitions/hypoxia.html. Anoxic, in this document, refers to
water that has a very low concentration of dissolved oxygen (that is, less than 0.5 milligrams per liter) (U.S. Geological Survey, 2010; http://toxics.usgs.gov/
definitions/anoxic.html), or total deprivation of oxygen (U.S. Environmental Protection Agency, 2009).

2 The information for the concentration range of the spectrophotometric methods discussed was provided from and reviewed by technical specialists repre-
senting CHEMetrics, Inc. and the Hach Company. See http.//www.chemetrics.com and www.hach.com.

2t Unpublished data. Comparisons were made using an In-Situ Inc. TROLL 9500 Profiler equipped with a rugged dissolved oxygen (RDO)
optical sensor (Gerolamo Casile, U.S. Geological Survey, oral commun., 2012).
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sensors, the capability and accuracy of the optical sensor in this low DO-concentration range needs to
be documented by making side-by-side measurements onsite to compare results with values obtained
using a spectrophotometric method.

6.2.2.A Equipment and Supplies

The Rhodazine-D and Indigo-Carmine spectrophotometric methods were designed to minimize
atmospheric interaction with the water sampled. Two sampling systems commonly are used: (1) an in situ
(submersible or downhole) sampler, such as the assemblies discussed in White and others (1990), and (2) a
plastic overflow cell through which sample water is pumped (see equipment and supplies in table 6.2—4).

The sampling system is configured to utilize a self-filling ampoule system with the Rhodazine-D or
Indigo Carmine reagent vacuum-sealed inside. DO concentration is determined instrumentally on the
resultant solution using a spectrophotometer or photometer. The ampoule kits and spectrophotometer (or
photometer) are available commercially. The spectrophotometer (or photometer) selected must be able
to be adjusted, either manually or automatically, to the appropriate wavelength of incident light needed
for the determination of DO in the resultant colored sample, based on the reagent used. Applicable
spectrophotometers, photometers, and ampoule kits are available commercially from various companies
and for a variety of concentration ranges.

» The accuracy of commercially available reagent kits may not be included with the equipment or sup-
plies purchased. Always check with the manufacturer regarding the accuracy of the specific test kit(s)
of interest.

» The accuracy of the test kits will typically be a function of the concentration range of DO in the
sample.

» A spectrophotometer is used to measure the amount of light that a sample absorbs. The instrument
operates by passing a beam of light through a sample and measuring the intensity of light received by
a detector (http://www.chm.davidson.edu/vce/spectrophotometry/Spectrophotometry.html).

» Some spectrophotometers are precalibrated specifically for the products or kits developed by the kit
manufacturer. If using a spectrophotometer that is not precalibrated for the products being used, calcu-
late the DO concentration using the regression equations provided by the manufacturer of the reagent
kit.
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Table 6.2-4. Equipment and supplies for the spectrophotometric method of dissolved-oxygen determination using
Rhodazine-D™ and Indigo Carmine reagents.

[mm, millimeter; DO, dissolved-oxygen concentration; mg/L, milligrams per liter; uS/cm, microsiemens per centimeter at 25 degrees Celsius]

Portable spectrophotometer (or photometer)

Appropriate reagent kits for the expected DO range of the environmental condition

Blank ampoule (zero DO), included in each kit

Submersible sampling tool, used in situ, to meet criteria described in White and others (1990). For example,
* Manganous sulfate reagent
* Plastic sampler device (overflow cell), length of C-flex tubing, and sample pump

Safety gloves, glasses, and apron

Waste disposal container
White background sheet
Deionized water (maximum conductivity of 1 uS/cm)

Bottle, squeeze dispenser, for deionized water

Lint-free wipes to remove moisture from surface of the ampoule

6.2.2.B Calibration and Interferences

DO is measured as percent absorbance by the spectrophotometer. A calibration chart typically is provided
with each chemical reagent kit, along with a regression formula to convert absorbance to micrograms per
liter (ug/L) of DO for use with a spectrophotometer that does not perform the conversion in its firmware.
Most current spectrophotometers and photometers available for measurement of dissolved oxygen are
precalibrated for direct readout of DO concentration in milligrams per liter.

» Ensure that an appropriate blank ampoule is used to zero the spectrophotometer (or photometer).

» Additional calibration is needed if the method will be used to determine DO in heavily contaminated
or acidic waters. This can be done by equilibrating a water sample with known partial pressures of
atmospheric oxygen (White and others, 1990). Atmospheric oxygen standards are available from sup-
pliers of gas chromatography equipment.

These chemical reagent-based methods are not subject to salinity or dissolved-gas interferences (ASTM
D5543-09, ASTM D 888-12, White and others, 1990; Gilbert and others, 1982). Interferences from
total salinity, major dissolved inorganic species, dissolved gases, or temperature are typically negligible
with this method. However, color and turbidity in the environmental sample may interfere with both the
Rhodazine-D and Indigo-Carmine methods, causing positively biased results. If using these methods in
colored or turbid water, first conduct an assessment of the amount of bias attributable to such effects.

» Rhodazine-D. The spectrophotometric method using Rhodazine-D reagent is affected by the presence
of oxidizing agents, including chlorine, ferric and cupric ions, and hexavalent chromium, resulting in
high-biased DO readings (White and others, 1990).>

— The presence of cupric copper and ferric iron at a concentration less than 50 pg/L may cause a
bias of less than 1 pg/L; at 100 pg/L concentration, cupric copper may cause a bias of 5 pg/L, and
ferric iron may cause a bias of 7 pg/L.

— Sample pH at or below a pH of 2 may cause erroneous results.

22 See also http://www.chemetrics.com/products/pdf/oxygen_rhodazined.pdf, accessed September 20, 2012.
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— A hydroquinone concentration greater than 200 pg/L is a positive interferent and its oxidation
byproduct, benzoquinone, causes a false positive result. The effect from oxidizing agents can be
corrected if the concentrations of the interfering species are known (White and others, 1990).

» Indigo Carmine. The spectrophotometric method using Indigo Carmine reagent® is affected by ferric
iron, hypochlorite (chlorine), and chromate, which can cause a false positive at concentrations equal to
or greater than 10 mg/L.

— Cupric copper interferes positively at or above 100 mg/L.

— Seawater may cause the reagent to precipitate.

6.2.2.C Measurement

USGS spectrophotometric measurement procedures have been tested and quality assured for the
determination of DO concentration using the Rhodazine-D and Indigo-Carmine reagents provided in
commercially available kits supplied by the CHEMetrics and Hach companies, respectively.”* While the
instructions provided by the manufacturers generally should be followed, augmented instructions and
information are provided below to ensure that DO measurement meets USGS standards for accuracy and
reproducibility. USGS personnel are advised to make the adjustments described here to the manufacturer-
provided instructions.

Rhodazine-D and Indigo-Carmine reagents react with DO to produce an oxidized complex characterized
by deep-rose or brightly blue-colored reaction products, respectively. The color intensity is proportional
to the concentration of the initial DO present. Timing is very important for colorimetric analyses made
with a spectrophotometer. Follow the explicit instructions for the waiting time after the sample mixes
with the reagent. The reaction with the reagents occurs almost instantaneously for both the Rhodazine-D
and Indigo-Carmine methods. Color development continues after the time interval specified for these
methods because oxygen from the atmosphere continuously diffuses into the sample through the broken
ampule tip.

» Do not extend the waiting times specified in the Rhodazine-D and Indigo-Carmine methods, but
adhere to them strictly.

» Excessive mixing of the ampule before reading the spectrophotometer also may introduce atmospheric
oxygen, which can bias the results, resulting in erroneous readings.

Follow the steps below to measure DO using the spectrophotometric method:

1. Familiarize yourself with instructions from the manufacturer for the kit to be used and adjust the
instructions to incorporate the procedures that follow, as applicable.

2. Accounting for site characteristics and study objectives, purge the well following guidelines in
NFM 4.2

3. Set the spectrophotometer to an appropriate wavelength for the kit being used. When using a manu-
facturer-designated DO photometer (or spectrophotometer), verify whether or not introduction of the
ampoule provided in the kit will trigger the correct wavelength setting automatically.

3 ASTM D 888-12; ASTM D 5543-09; Gilbert and others (1982).

2 Instructions from the Hach Company and CHEMetrics Inc. for selected colorimetry-based methods at DO concentration ranges relevant to routine USGS
sampling were selected for testing because USGS field personnel currently use the equipment and reagent kits from these companies.
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4. Zero the spectrophotometer using the blank provided in the kit (follow the manufacturer’s
instructions).”

5. When collecting the sample:

» Prevent sample aeration. Use a positive-displacement submersible pump and high-density plastic
or fluorocarbon polymer sample tubing that is relatively gas impermeable, if possible, through-
out measurement.

* Operate equipment to mitigate losses or gains of dissolved gases. (Consult NFM 6.0 for proper
downhole and inline flowthrough-chamber sampling procedures.)

6. Select your sample-collection method: Use either a downhole or overflow-sampler device.
* Go to Step 7 for the downhole sampling tool method,? or

* Go to Step 8 for the plastic overflow-sampler device with a suitable pump method.

7. Downhole system: After purging the well (NFM 4.2), follow steps 7a through d.

a. Carefully immerse a reagent-containing ampoule on the sampling tool that is attached to a wire
line.

b. At the desired depth of sample collection (in a well or in surface water), break the scored tip of
the ampoule by using a sharp upward tug on the sampling tool.

* This permits sample water to be drawn into the ampoule.

* During transit to the surface, progressively decreasing pressure in the ampoule prevents cross
contamination from overlying water through the ampoule tip.

c.  Withdraw the ampoule from the sampling device and invert once to mix the contents of the
ampoule, allowing the bubble to travel from end to end; follow the kit-specific instructions
regarding the number of ampoule inversions.?’

 Take care that this process does not introduce atmospheric oxygen into the ampoule.

» Make sure the time required to bring the ampoule to the surface does not exceed the waiting
times specified by the method. (This method may work best for shallow wells).

d. Wipe all liquid from the exterior of the ampoule, using a lint-free tissue. Skip to step 9.
8. Overflow device: After purging the well (NFM 4.2), follow steps 8a through f.

a. Connect the plastic overflow-sampling device (table 6.2—4) to the outlet of the pump tubing with
C-flex tubing 3 feet (ft) or less in length. The overflow device is used to break the ampoule in the
flowing stream of water.

* If using the Rhodazine-D method, the kit is equipped with the appropriate overflow sampling
device needed to crack the ampoule.

% Native water may be used if this option is provided by the kit manufacturer.
26 A downhole sampling tool is described by White and others (1990).

7 Instructions provided by kit manufacturers specify inverting the ampoule several times with the bubble traveling from end to end to facilitate mixing of
reagent and sample. USGS field observations, however, indicate that vigorous or repeated mixing can introduce atmospheric oxygen and bias the measure-
ment (Gerolamo Casile, U.S. Geological Survey, written commun., 2013).
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f.

¢ Ifusing the Indigo-Carmine method, adapt the Rhodazine-D instructions as follows, instead of
using the directions provided?*:

— Obtain a plastic funnel with a funnel size of approximately 1 cup.

— Adapt the funnel to the end of a length of C-flex tubing. This funnel, while overflowing, will
allow the tip of the Indigo-Carmine ampoule to be broken very close to where the sample
water flows in.

TECHNICAL NOTE 11. Use optically clear materials to enable seeing whether bubbles are entrained
in the tubing or flow cell (chamber). Air bubbles that adhere to the sides of the tubing and cham-
ber will add significant error to low-level DO measurements (A.F. White, U.S. Geological Survey,
written commun., 1993).

Reduce the pumping rate to achieve an even, nonturbulent, laminar rate of flow (for groundwater,
about 500 milliliters per minute) that is used for sample collection. While pumping, allow the
sampling device to overflow during sample collection.

* Check for air bubbles in or adhering to the tubing and flowthrough cell (chamber).

* Tap the tubing with a blunt tool to dislodge entrained air bubbles.

Insert the glass ampoule, tip first, into the overflowing sampling device so that the tapered tip is at
the bottom of the device, close to the point of water inflow.

Snap the tip by gently pressing the upper end of the ampoule toward the wall of the sampling
device.
* The vacuum ampoule will draw in the sample water, leaving a small bubble at one end.

» Ensure that the ampoule is full before proceeding to step e; this will prevent entraining excess
atmospheric oxygen and thereby producing erroneous readings.

Withdraw the ampoule from the sampling device and invert to mix the contents of the ampoule,
allowing the bubble to travel from end to end; follow the kit-specific instructions regarding the
number of ampoule inversions (see footnote 27).

Wipe all liquid from the exterior of the ampoule, using a lint-free tissue.

9. Insert the ampoule directly into the spectrophotometer cell holder, either immediately after retrieval or
as specified in the kit-specific instructions.

10. Read concentration or absorbance:

a.

Make spectrophotometer readings, adhering as strictly as possible to the manufacturer-specified
time interval.

* Rhodizine-D—Record the reading within the time interval directed by the kit manufacturer
(for example, within 30 seconds when using the CHEMetrics ampoule kit).

28 The Hach Company Indigo Carmine kit instructs placing the sample tube at the bottom of an overflowing beaker, then breaking the ampoule near the sample
tubing at the bottom of the beaker. Tests conducted by USGS personnel indicated that substituting the directions in step 8a substantially improve measurement
accuracy and reproducibility. (Gerolamo Casile, U.S. Geological Survey, written communication, 2013).
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* Indigo-Carmine—Record the reading within the time interval directed by the kit manufac-
turer.

b. Ifusing a spectrophotometer that does not convert absorbance values of DO measurements to
milligrams per liter for the kit being used, use regression equations to make the conversion (see
White and others, 1990).

11. Quality control: Consider utilizing multiple determinations to document the precision and (or) accu-
racy of the DO concentration to be reported.
* Repeat steps 9 and 10 twice in rapid succession to document measurement precision.

* To document the variability of DO concentrations within the water system being measured,
repeat steps 4 through 10 on three sequentially collected samples.

Do not exceed the time interval specified for completion of color development.

6.2.3 lodometric (Winkler) Method

The USGS currently uses the Alsterberg-Azide modification to the Winkler titration procedure for
iodometric determination of DO. The precision of measurements using the iodometric method should
be within at least £0.05 mg/L?* when performed by experienced analysts (American Public Health
Association, 2005).

» The iodometric (Winkler) method no longer is being used routinely as a standard field method for
measurement of DO in USGS investigations because (1) the accuracy and reproducibility achiev-
able are dependent on the experience and expertise of the data collector, (2) potential environmental
interferences (for example, the presence of nitrite, ferrous and ferric iron, and organic matter) require
advanced knowledge of the chemistry of the sample, and (3) field conditions can make preventing
exposure of the sample to atmospheric oxygen difficult. Nevertheless, the iodometric method is recog-
nized as a reliable standard for producing accurate results when correctly implemented.

» The iodometric (Winkler) method is widely accepted in the scientific community and is used to check
the calibration of, and the measurements made with, electrometric DO instrument systems.

— The Winkler method was used to verify the accuracy of optically and amperometrically deter-
mined DO concentrations reported by the USGS in an oil spill investigation, in accordance with a
request by the U.S. Environmental Protection Agency (Wilde and Skrobialowski, 2011).

— Checking the calibration of electrometric instruments using the Winkler procedure is performed in
a controlled (that is, laboratory) environment. The DO instrument is calibrated with air-saturated
deionized water in which the DO concentration has been determined by the Winkler method; the
DO instrument is then adjusted to the concentration determined from the titration.

— If a saline solution is used to approximate the environmental water, do not apply a salinity correc-
tion factor.

» Based on a standard deviation (SD) of +0.02 mg/L for a three SD accuracy of +0.06 mg/L.
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Equipment and supplies needed for the iodometric method are listed in table 6.2—5. The procedure involves
the use of reagents available in premeasured pillow packets from commercial suppliers. Alternatively,
reagents may be prepared by a chemist or titration technician, as described in American Public Health

Association (2005).

» The accuracy of commercially obtained reagent packets may differ among manufacturers and other

preparers of the reagents and should be recorded in field notes.

» Clean all equipment before use.

Table 6.2-5. Equipment and supplies for the iodometric (Winkler) method of dissolved-oxygen determination.

[mL, milliliter; N, normal; pS/cm, microsiemens per centimeter at 25 degrees Celsius; NFM, National Field Manual for the Collection of

Water-Quality Data)

Beaker, 2,000 mL, glass or Teflon

Bottles for biochemical oxygen demand (BOD) analysis, glass stoppered, 300 mL

Stirrer, magnetic

Stirring bars, Teflon coated

Cylinder, graduated, 250 mL

Flask, Erlenmeyer, 250 mL

Buret, 25-mL capacity with 0.05-mL graduations and Teflon stopcock

Buret, support stand

Buret, clamp, double

Chemical reagents:!
+ Alkaline iodide-azide reagent
* Manganous sulfate reagent
+ Sulfamic acid granules
e Sodium thiosulfate, 0.025 N titrant
+ Starch indicator solution

Clippers, for opening reagent pillows

Appropriate safety gloves, glasses, and apron

Waste disposal container

White background sheet

Deionized water (maximum conductivity of 1 uS/cm)

Bottle, squeeze dispenser, for deionized water

Thermometer, calibrated (see NFM 6.1 for selection and calibration criteria)

Pocket altimeter-barometer, calibrated, or DO-measurement equipment that includes barometer

! Use either commercially prepared reagent pillow packets or analyst-prepared reagents, depending on the data-quality
requirements of the study.
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6.2.3.B Measurement

This section describes how to make an iodometric determination of DO concentration.

» When the purpose of using the Winkler method is to check calibration of an amperometric or lumines-

>

cent-sensor instrument, start at step 1 below and continue to the end. For quality control, steps 5 and 6

are written so as to verify the Winkler determination in duplicate. This is standard practice and should
be followed.

If making a Winkler determination for the DO concentration of an environmental sample, start at step
5, substituting the sample water for deionized water (DIW). Collect the sample and perform the titra-
tion as described below on at least two subsamples to provide the appropriate quality control. When
filling the BOD bottles, a minimum of three bottle volumes of sample should pass through the bottle to
collect the final volume.

— In surface water: To fill the bottles, use of a sewage sampler is recommended. If a hand-held
method is needed, fill the bottles in the water body by tilting them slightly to allow the bottle to
slowly fill in a manner so as to avoid turbulence, bubbling, or otherwise entraining air. Keep the
filled bottles submerged (in the surface-water body) for about 30 seconds. Next, while the bottle is
submerged, insert the stopper firmly in the bottle, taking care not to trap air bubbles.

— In groundwater: A laminar-flow sample is pumped inline from the well into the bottle, from the
bottom to overflowing the top of the bottle and in a manner so as to avoid any turbulence and
bubbles. Allow the sample to overflow for at least 30 seconds. Next, while still overflowing, insert
the stopper firmly into the bottle, taking care not to trap air bubbles.

— Pour off excess water that is trapped on the lip of the stoppered bottle.

— Follow step 6 procedures as described below, substituting the sample-filled biochemical oxygen
demand (BOD) bottles.

Results of two iodometric titrations should agree within 0.1 mg/L. If they do not agree, repeat the titra-
tion on one or more additional subsamples until this quality-assurance criterion is met.

Follow the steps below to check calibration of an optical or amperometric DO instrument using
the Winkler Alsterberg-Azide titration:

1.

Fill a clean 2,000-mL beaker with deionized water that is near DO saturation. The water temperature
should be close to the ambient (field or laboratory) temperature.

Prepare the DO-sensing instrument for operation, in accordance with the manufacturer’s instructions.

Place the DO sensor in a beaker of DIW. If using an amperometric sensor, maintain a water velocity of
at least 1 ft/s flowing passed the sensor. If the sensor is not equipped with a stirring mechanism, use a
magnetic stirrer.

Monitor the DO concentrations of the DIW with the DO instrument and record the value after the read-
ings have stabilized.

Carefully fill two clean BOD bottles with three or more bottle volumes of DIW from the beaker, taking
care not to introduce any air bubbles by slowly overflowing the bottles adequately to remove any
trapped air bubbles.

Determine the DO concentration of the DIW in each BOD bottle, as follows:
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a. Add one each of the following dry reagent pillow packets*
» Alkaline iodide-azide (white powder).

* Manganous sulfate (pinkish-colored powder).

b. Recap the bottle to prevent air bubbles from being trapped in the bottle.

c. Invert the bottle 25 times or more to completely dissolve the reagents.
* An orange-brown flocculent indicates the presence of DO.

» Allow the flocculent to settle halfway down the bottle (approximately 5 minutes).

» Invert the bottle 25 times again; let the flocculent settle again until the upper half of the solu-
tion is clear.

d. Add one reagent pillow of sulfamic acid (see footnote 30).

e. Recap the bottle without introducing air or air bubbles. Invert the bottle 25 times until all of the
flocculent and granules are dissolved, leaving a yellow color.

f.  Fill a clean 25-mL buret with 0.025 N (Normal) sodium thiosulfate titrant. Remove any air bub-
bles from the delivery tube beneath the stopcock and zero the meniscus.

g. Using either a clean 200-mL pipet or a 200-mL volumetric flask, measure 200 mL of the sample
and dispense the sample into a clean, wide-mouth Erlenmeyer flask.

h. Place the flask on a magnetic stirrer. Carefully insert a clean Teflon stirring bar and stir the sample
at a moderate rate without aerating the sample.

i.  Add increments of sodium thiosulfate titrant until the color turns pale straw-yellow.
J- Add 1 to 2 mL of starch indicator solution. (This causes the sample to turn dark blue.)

k. Very slowly add more sodium thiosulfate titrant until the sample just turns clear. (A white back-
ground behind or below the flask will help to see the color change.)

1. Record the volume of sodium thiosulfate titrant used, in milliliters.

* For a 200-mL sample, the volume of titrant added is directly proportional to the amount of DO
in milligrams per liter.

* To calculate DO for a sample volume greater or less than 200 mL,

DO (mg/L)= (L)xtitmnt added, in mL
sample volume (1)

m. Record the DO value. Rinse the equipment thoroughly with deionized water.

7. Quality control. Titration values for the duplicate samples should agree within 0.1 mg/L.

» Ifthey do not agree, repeat the titration process (steps 5 and 6a through 6m, above) on one or
more additional subsamples until this quality-assurance criterion is met.

* Record the final, quality-assured value for DO concentration.

3 Laboratory-prepared reagents might be prepared instead, depending on data-quality requirements, if titration will be performed by an analyst.
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8. Recheck the field instrument for proper functioning, following the manufacturer’s recommendations
and instructions.

* Consult the manufacturer if the field instrument does not calibrate properly.

* Do not use an instrument that fails calibration.

6.24 Reporting

USGS personnel are instructed to enter the DO value on the field form indicating method (optical,
amperometric, spectrophotometric, or iodometric) used for DO determination.

» DO concentrations for the amperometric and optical-sensor methods are measured to the nearest 0.01
mg/L, but currently are reported to the nearest 0.1 mg/L.

» DO concentrations for the spectrophotometric/Rhodazine-D and Indigo-Carmine methods are reported
to the nearest 0.01 mg/L.

» Note that the percentage of DO saturation in water can be greater than 100. When the concentra-
tion exceeds 20 mg/L, check manufacturer’s specifications and:

— Report “>20 mg/L” if the manufacturer’s instrument range specifications do not exceed 20 mg/L.

— Report concentration values up to the maximum specified limit if the manufacturer’s instrument
range specifications exceed 20 mg/L.

— Report “> the listed numerical limit” if the concentration exceeds the manufacturer’s specified
instrument range.

6.25 Correction Factors for Oxygen Solubility Concentrations and Salinity

Solubility concentrations of oxygen in freshwater at various temperatures and pressures (table 6.2—6)

and correction factors for salinity based on specific conductance (table 6.2—7) were generated from the
equations of Benson and Krause (1980, 1984) and can be customized to cover the range and decimal places
needed; see U.S. Geological Survey Office of Water Quality Technical Memorandum 2011.03 (Myers,
2011). By accessing “DOTABLES,” the interactive software that generated tables 6.2—-6 and 6.2-7,
the user can self-generate individual values or tables of a specific range of oxygen-solubility and
salinity correction factors: http://water.usgs.gov/software/DOTABLES/.*!

» To adjust freshwater oxygen-saturation values for the effects of salinity, use correction factors based
on chloride concentration or specific conductance. Refer to the manufacturer’s instructions for the DO
instrument before applying a salinity correction.

» Correcting DO solubility for saline waters (greater than 2,000 microsiemens per centimeter or 1,000
mg/L chloride) varies with instrument type, calibration method, and the salts in solution.

3! DOTABLES is an online program that generates tables of dissolved oxygen (DO) solubility values and (or) salinity correction factors over
a range of user-specified values for water temperature, barometric pressure, and salinity or specific conductance. In addition to generating
tables, DOTABLES can compute a single-value of oxygen solubility and percent saturation for a specific instance of temperature, pressure,
and salinity.
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— The correction based on specific conductance (table 6.2—7) is more useful because accurate con-
ductivity can be determined easily from a field measurement.

— Salinity correction factors based on chloride can be calculated using information provided in U.S.
Geological Survey Quality of Water Branch Technical Memorandum 79.10 (Pickering, 1979).

» DO instruments either use an automatic internal salinity correction, a manual salinity control knob for
internal correction, or the calibration control knob for manual correction of salinity. Check that instru-
ments with automatic internal salinity correction use approved salinity correction factors.

Example of salinity correction

Suppose a DO measurement is made in water with a temperature of 20.0 degrees Celsius, an atmospheric
pressure of 750 millimeters of mercury, and a specific conductance of 8,000 microsiemens per centimeter
(uS/cm). The freshwater oxygen solubility from table 6.2—6 is 8.97 mg/L for that temperature and pressure;
the salinity correction factor from table 6.2—7 is 0.9733 for that temperature and specific conductance. The
solubility of oxygen under these conditions then is:

8.97 mg/L x 0.97331=8.73 mg/L (2)

The presence of more dissolved ions in the saline water decreases the oxygen solubility.

P If calibrating an instrument that does not have an internal salinity compensation algorithm, you could
adjust the DO instrument to read 8.73 mg/L for a 100 percent saturation condition.

» If the DO measurement made with an amperometric or optical sensor under the above conditions were
7.50 mg/L and the DO probe did not have an internal salinity compensation algorithm, then the actual
DO concentration should be reported as 7.50 mg/L multiplied by 0.9733, which equals 7.30 mg/L.

» Do not use a salinity correction factor for measurements made with the iodometric (Winkler) or
spectrophotometric methods.

Example of percent saturation calculation

To express results as percent saturation, use the following equation:

measured DO (mg /L)

DO (percent saturation) = -
DO (mg/ L at 100 percent saturation)

x100

(3)

For a salinity-corrected DO measurement of 7.30 mg/L for a sample in which the oxygen solubility
(salinity corrected) is 8.73 mg/L as in the above example, the percent DO saturation would be the dividend
of 7.30 divided by 8.73, multiplied by 100, which equals 83.6 percent. Note that for measurements with

the iodometric (Winkler) or spectrophotometric methods, salinity correction factors are not applied to the
measurement concentration.
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